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CHAPTER  V 
WATER  SUPPLY  AND  DEVELOPMENT  POTENTIAL 
A.   SURFACE  WATER 

Local  Streamflow 

Streams  of  local  origin  have  a  low  and  variable  yield 
and  are  also  subject  to  relatively  high  peak  flows.   Conse- 
quently the  utilization  of  surface  water  supplies  has  primarily 
been  for  stockwater  through  storage  of  the  flow  from  small 
drainage  areas,  occasional  flood  irrigation  and  more  reliable 
irrigation  for  small  areas  where  satisfactory  storage 
facilities  have  been  developed. 

An  inventory  of  reservoirs  having  a  storage  capacity  of 
50  or  more  acre- feet  was  prepared  by  the  Montana  Water 
Resources  Board  in  October  1968.   The  listing  shows  19  such 
active  reservoirs  in  Garfield  County  with  a  total  capacity 
of  4,550  acre-feet.   The  inventory  shows  8  active  reservoirs 
with  a  total  capacity  of  2,718  acre-feet  in  McCone  County. 
There  are  many  more  smaller  reservoirs  in  both  areas.   The 
U.S.  Geological  Survey  reports  on  streamflow  mentions  69 
upstream  reservoirs  or  ponds  in  the  Sand  Creek  drainage  in 
Garfield  County  above  the  gaging  point.   A  sampling  count  of 
recent  maps  indicates  there  is  a  stock  pond  or  reservoir  for 
every  two  square  miles. 

The  problems  of  low  average  yield,  great  variability  of 
yield,  and  the  relatively  high  peak  flows  of  short  duration 
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present  serious  problems  to  utilization.   The  water  needs  for 
irrigation  and  other  purposes  are  far  greater  than  can  reason- 
ably be  developed  from  streams  originating  in  the  proposed 
conservancy  district  area.   However,  there  are  opportunities 
for  fuller  use  in  some  localities.    The  scope  of  this  study 
does  not  permit  any  specific  project  recommendations.   The 
information  and  discussion  which  follow  may  provide  a  better 
understanding  of  the  local  water  supply  and  serve  as  a 
preliminary  guide  to  further  utilization. 

The  streamflow  records  of  Dry  Creek  near  Van  Norman  ana 
Redwater  River  at  Circle  are  reasonably  complete  for  the  last 
30  years.   There  are  10  years  of  record  for  Sand  Creek  near 
Jordan.   The  recorded  flow  at  these  gaging  points  is  somewhat 
affected  by  upstream  storage  in  stock  ponds  and  depletion 
for  minor  irrigation.   It  would  be  reasonable  to  assume  that 
recorded  flow  will  average  at  least  two-thirds  of  the  natural 
flow.   The  monthly  and  annual  flow  in  acre-feet  are  given  in 
Tables  V-A  and  V-B  for  Dry  Creek  and  Redwater  River. 

Much  of  the  annual  runoff  cccurs  in  the  early  snow  melt 
period.   In  about  half  the  years,  rain-caused  peaks  are 
responsible  for  appreciable  runoff   in  June  or  July.   Figure 
V-l  is  a  graph  of  the  average  monthly  runoff  of  Redwater 
River  at  Circle  in  acre-feet.   A  dashed  horizontal  line 
representing  the  average  of  all  months  is  shown  for  comparison 
with  the  monthly  averages.   From  the  foregoing  tables,  the 
variations  within  any  one  month  are  somewhat  apparent.   The 
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graph  of  daily  flows  for  Redwater  River  at  Circle  for  the  water 
year  ending  September  30,  196  3,  is  shown  as  Figure  V-2. 
It  is  a  fairly  typical  flow  pattern  presented  to  show  the 
sharp  daily  variations. 

The  relation  between  precipitation  and  runoff  varies 
greatly.   In  general,  the  spring  breakup  yields  the  most 
runoff  because  absorption  by  the  soil  or  vegetation  is  low 
and  also  evaporation  is  at  a  minimum.   Rains  of  an  intensity 
far  greater  than  the  corresponding  capacity  of  the  soil  to 
absorb  water  produce  high  peaks  and  a  substantial  runoff 
volume  for  brief  periods.   The  average  annual  precipitation 
in  the  Dry  Creek  and  Redwater  River  basins  are  about  11.5 
inches.   The  records  for  Dry  Creek  show  an  average  annual 
runoff  of  0.28  inches  or  about  2.5  percent  of  the  precipitation. 
Comparable  data  for  Redwater  River  are  0.37  inches  of  runoff 
or  3.2  percent  of  the  precipitation.   The  shorter  period  of 
record  for  Sand  Creek  shows  a  lesser  yield.   A  partial  record 
of  runoff  has  been  collected  in  the  Duck  Creek  and  East  Fork 
of  Duck  Creek  basins  near  Brockway  since  1964.   Runoff  ranging 
from  a  minimum  of  0.15  inches  to  as  much  as  1.0  3  inches  was 
recorded  for  each  of  the  several  intermittent  peak  flow 
periods.   The  spring  breakup  flow  was  not  determined  in  1964 
and  1967.   If  these  records  are  typical,  a  square  mile  of 
drainage  area  would  yield  approximately  15  acre- feet  of  runoff 
water  on  the  average  during  relatively  low  runoff  years. 


Figure        5-2 
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The  ground  conditions  at  the  time  of  snow-melt  and  the 
intensity  and  volume  of  the  rains  greatly  affect  the  precip- 
itation-runoff relationship.   In  single  periods  of  snow  melt 
or  heavy  rains,  runoff  as  great  as  0.64  inches  have  been 
recorded  in  the  Duck  Creek  area.   This  would  be  equivalent 
to  34  acre- feet  per  square  mile.   The  period  of  record  for 
which  volume  runoff  data  are  available  for  small  areas  is 
very  brief.   If  we  use  the  long-term  record  of  Redwater 
River  as  a  guide,  it  appears  that  at  least  15  acre  feet  of 
water  per  square  mile  could  be  expected  in  about  seven  out 
of  ten  years.   These  longer  term  records  also  show  that 
drought  periods  of  practically  no  runoff  can  occur  for  several 
years  in  succession.   Rainfall  records  also  show  that  the 
intensity  and  total  precipitation  can  vary  greatly  even  with- 
in a  few  miles,  particularly  during  thunderstorms.   Evaporation 
rates  from  reservoirs  vary  with  water  depth  and  exposure  to 
sun  and  wind.   Net  evaporation  of  as  much  as  three  feet  may 
occur  in  a  year. 

The  rate  of  peak  flow  and  the  volume  of  flow  affect  the 
design  of  reservoir  freeboard,  spillway  capacity  and  numerous 
structures  such  as  diversion  dams  and  irrigation  canals. 
Peak  flow  information  on  a  number  of  small  drainages  in  the 
study  area  has  been  collected  for  seven  to  fifteen  years. 
Statistical  analysis  of  these  records  provides  some  basis 
for  determining  the  probability  or  percentage  chance  of  the 
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occurrence  of  peaks  at  a  frequency  of  about  twenty- five 
years.   A  so-called  *' 25-year  flood "  has  two  chances  in  three 
of  occurring  within  any  25-year  period.   This  conclusion 
does  not  mean  that  there  can  be  only  one  25-year  size  flood 
occur  in  a  25-year  period.   A  50-year  flooa  has  a  forty 
percent  chance  and  a  100-year  flooa  has  a  twenty-two  percent 
chance  of  occurring  in  any  25-year  period.   Graphic  analyses 
of  the  probable  frequency  of  annual  peaks  of  various  mag- 
nitude for  Dry  Creek  and  Redwater  River  are  shown  as  Figures 
V-3  and  V-4. 

An  open- file  report  of  the  U.S.  Geological  Survey  issued 
in  1967  suggests  preliminary  values  for  areas  involved  in 
the  10-year  and  25-year  peak  flows  of  from  one  to  one 
hundred  square  miles.   The  applicable  curves  for  this 
general  area  are  plotted  in  Figure  V-5  on  logarithmic  scales. 
The  available  experience  record  for  streams  in  the  study  area 
and  contiguous  areas  are  also  plotted  to  indicate  tne  spreau. 
The  plotting  indicates  that  the  intensity  of  rains  over  small 
areas  has  been  greater  than  should  be  expected  in  a  typical 
25-year  period  or  that  the  25-year  curve  is  significantly 
low  for  areas  of  less  than  about  five  square  miles.   A 
preliminary  curve  was  drawn  for  areas  up  to  ten  square  miles 
for  estimates  of  structures  required  to  pass  local  inflow  over 
canals  or  for  diversion  dams. 

The  volume  of  runoff  from  a  flood  peak  may  have  more 
bearing  on  desired  reservoir  spillway  size  than  the  instanta- 
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neous  peak  flow.   U.S.  Weather  Bureau  Technical  Papers  Nos.  38 
and  40  are  the  basis  for  the  following  calculated  data  on 
precipitation  and  frequency  for  areas  of  up  to  ten  square 
miles  in  this  study  area. 

Duration   Maximum   Double 

of  Rain    Probable   100-yr.*   100-year  50-year   25-year   10-year 


24  hours 

23"       8.4" 

4.2" 

3.8" 

3.4" 

2.9" 

6  hours 

17"       6.4" 

3.2" 

2.8" 

2.5" 

2.1" 

1  hour 

11"       4.4" 

2.2" 

1.8" 

1.6" 

1.3" 

1/2  hour 

9" (about) 3. 5" 

1.75" 

1.4" 

1.25" 

1.15" 

*  Theoretical  frequencies  in  excess  of  10,000  years 


In  1921  there  was  a  rainstorm  which  was  apparently 
centered  at  Springbrook  near  Circle  that  also  covered  a  broad 
area.   The  records  show  10.5  inches  fell  in  six  hours  and 
a  total  of  15.1  inches  in  four  and  one  half  days.   The 
statistical  data  upon  which  the  above  precipitation  table  is 
based  would  indicate  a  probable  frequency  of  only  one  in 
many  thousands  of  years. 

It  is  beyond  the  scope  of  this  report  to  set  detailed 
standards  for  desirable  reservoir  freeboard  and  spillway 
capacity  for  the  storage  of  local  runoff.   The  factors  of 
potential  damage  through  structural  failure  as  well  as  water- 
shed and  storm  characteristics  require  individual  study. 
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Experience  does  indicate  that  storm  frequency  greater  than  the 
theoretical  100-year  storm  should  generally  be  used.   In 
preparing  highly  preliminary  estimates  of  the  cost  of  reservoirs 
intended  for  storage  of  water  from  Fort  Peck  Reservoir,  a 
minimum  capability  for  safe  release  or  storage  of  double  the 
probable  100-year  storm  has  been  used.   Careful  study  should 
be  made  in  any  plans  for  storage  in  these  drainage  areas  due 
to  the  high  variability  factor  when  compared  to  safety. 

The  requirements  of  freeboard  and  spillway  capacity 
under  most  conditions  would  appear  to  limit  safe  storage  of 
local  runoff  to  drainage  areas  of  less  than  ten  square  miles. 
This  would  probably  limit  average  annual  irrigation  supply  to 
about  150  acre-feet.   With  provision  for  carry  over  of  that 
amount,  a  reasonably  firm  supply  of  300  acre-feet  might  be 
available.   The  above  statements  do  indeed  suggest  further 
study  on  all  storage  sites  but  certainly  careful  analysis 
should  be  made  before  the  construction  of  storage  units  for 
areas  larger  than  ten  square  miles.   Some  very  feasible 
projects  may  exist  for  such  areas. 

Musselshell  River 

The  Musselshell  River  forms  the  western  boundary  of 
Garfield  County.   It  rises  in  the  Little  Belt  and  Castle 
Mountains  west  of  Harlowton,  and  has  a  drainage  area  of  about 
5,900  square  miles  at  the  southwestern  edge  of  Garfield 
County.   The  upstream  diversion  for  the  irrigation  of  about 
75,000  acres  of  land  sometimes  depletes  the  summer  flow  to  a 
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trickle  in  the  study  area. 

Continuous  records  have  been  collected  at  Mosby  since  1932 
by  the  U.S.  Geological  Survey  in  cooperation  with  State  and 
Federal  agencies.   The  average  annual  runoff  for  the  years 
19  30-32  and  1934-68  was  157,100  acre-feet  per  year.   The 
lowest  annual  runoff  recorded  was  11,840  acre-feet  in  1961. 
Flows  of  0  to  5  cubic  feet  per  second  (ten  acre-feet  per  day) 
are  not  uncommon  for  brief  or  extended  periods  in  most  years. 
The  peak  discharge  of  record  was  18,000  cubic  feet  per  second 
on  June  18,1944. 

A  flood  frequency  study  of  the  U.S.  Geological  Survey 
rates  the  recorded  peak  as  having  a  recurrence  interval  of 
fifteen  years.   No  tabulation  of  past  discharge  records  is 
given  in  this  report  because  of  the  limited  small  scale  use 
that  might  be  made  of  the  stream.   Discharge  records  are 
published  by  the  U.S.  Geological  Survey.   Tributaries  of  the 
Musselshell  River  in  Garfield  County  are  intermittent  streams 
with  the  characteristics  of  those  described  in  the  Local 
Streamflow  discussion.   The  low  infiltration  capacity  of  the 
Bearpaw  Shale  that  is  exposed  in  some  of  these  tributaries 
would  indicate  that  spillway  requirements  for  storage  dams 
in  such  drainages  should  be  carefully  considered  before  any 
valid  conclusions  or  recommendations  could  be  made  as  to 
storage  on  these  streams. 
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Fort  Peck  Reservoir 

Fort  Peck  Reservoir  and  the  Missouri  River  below  Fort 
Peck  Dam  are  the  only  surface  water  sources  that  do  not  have 
serious  limitations  of  quantity  or  quality  for  major  water 
resources  development.   The  drainage  area  of  the  Missouri 
River  system  at  Fort  Peck  Dam  is  57,500  square  miles.   Although 
there  are  upstream  diversions  for  the  irrigation  of  about 
880,000  acres,  the  regulation  by  upstream  reservoirs  and  partic- 
ularly Fort  Peck  Reservoir  is  sufficient  to  smooth  out  seasonal 
variations  and  annual  variations  to  a  considerable  degree. 
Fort  Peck  Reservoir  has  a  flood  control  function  as  well  as 
generation  of  electric  power  on  site  and  regulation  for  down- 
stream power  and  navigation. 

The  capacity  of  Fort  Peck  Reservoir  is  19,140,000  acre 
feet  at  the  top  of  the  spillway  gates  or  at  an  elevation  of 
2,250  feet.   The  sill  of  the  spillway  gates  is  at  an  elevation 
of  2,225  feet.   The  lower  limit  of  on  site  power  generation 
is  at  an  elevation  of  2,160  feet,  at  which  point  the  usable 
storage  is  4,535,000  acre-feet.   This  number  excludes  the 
dead  storage  of  617,000  acre-feet.   Under  present  plans  of 
operation,  the  reservoir  stage  is  expected  to  fluctuate  be- 
tween about  2,2  30  and  2,245  feet  elevation  in  average  years. 
Past  records  indicate  elevations  of  about  2,200  feet  may 
occur  in  a  series  of  dry  years. 

The  Corps  of  Engineers,  U.S.  Army  Engineers  constructed 
and  manage  the  reservoir.   An  area  representative  of  that 
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agency  indicated  the  water  in  the  reservoir  would  be  avail- 
able for  irrigation  without  charge.  A  charge  may  be  considered 
appropriate  for  non-irrigation  uses. 

Missouri  River 

The  annual  average  flow  of  the  Missouri  River  below 
Fort  Peck  Dam  was  9,192  cubic  feet  per  second  or  6,655,000 
acre-feet  during  the  period  1943-68.   During  the  same  period, 
the  annual  average  flow  at  Wolf  Point  was  9,877  cfs  or 
7,151,000  acre-feet.   The  releases  at  Fort  Peck  Dam  are 
generally  lower  when  unregulated  streams  are  high.   Past 
records  indicate  April  through  June  releases  are  generally 
in  the  range  of  4,000  to  7,000  cfs.   The  Milk  River  enters 
the  Missouri  River  near  Nashua.   The  storage  at  Fresno 
Reservoir  near  Havre  and  the  summer  diversion  of  water  from 
the  St.  Mary  River  into  the  Milk  River  Basin  have  some 
regulatory  effect.   About  140,000  acres  of  land  are  irrigated 
from  the  Milk  River. 

Water  quality  of  the  Missouri  River  is  good.   The  total 
dissolved  solids  are  about  400  parts  per  million  and  the 
calcium  carbonate  hardness  is  about  220  ppm.   The  seasonal 
variations  in  chemical  quality  are  small  because  of  the 
averaging  effect  of  Fort  Peck  Reservoir.   The  reservoir  also 
has  a  very  beneficial  effect  through  deposition  of  upstream 
sediments.   The  Milk  River  has  a  fairly  high  sediment  content. 
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B .   GROUNDWATER 
Quantity 

Groundwater  of  the  study  area  is  the  primary  supply  for 
domestic  use  and  provides  stock  water  for  much  of  the  range- 
land.   As  of  January  1970,  the  Montana  Bureau  of  Mines  and 
Geology  reported  1,029  appropriations   filings  for  wells 
and  145  filings  for  springs  in  Garfield  County.   The 
identified  purposes  of  appropriation  show  667  wells  were  for 
stock  use,  206  for  stock  and  domestic  use,  and  126  wells 
for  domestic  use.   The  expected  use  of  only  73  springs  was 
reported,  of  which  67  were  for  stock  water  and  6  for  both 
stock  and  domestic  use. 

In  McCone  County,  604  well  appropriations  and  84  spring 
appropriations  were  reported  to  the  Montana  Bureau  of  Mines 
and  Geology  as  of  January  1970.   Identified  uses  show  47 
wells  were  for  domestic  purposes,  164  for  domestic  and 
stock,  5  for  business,  4  for  irrigation  and  1  for  public 
water  supply.   The  reports  show  56  springs  were  appropriated 
for  stock  water.   No  data  was  obtained  for  well  and  spring 
use  in  parts  of  Dawson  and  Richland  Counties  considered  in 
this  study,  but  it  can  be  assumed  the  pattern  would  be  quite 
similar  to  that  in  McCone  County. 

The  municipal  water  supplies  of  Jordan,  Circle  and  Richey 
are  dependent  upon  wells  as  are  the  private  supplies  used 
in  Brockway,  Vida  and  other  communities. 
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The  river  and  stream  bottoms  have  generally  yielded 

larger  quantities  of  water  from  shallow  wells.   In  the  Missouri 

River  bottoms,  wells  of  100  gallons  per  minute  (gpm)  are 

fairly  common  and  yields  of  900  gpm  have  been  developed  where 

underlying  gravels  are  deep.   These  wells  are  recharged  or 

fed  by  the  Missouri  River  or  leakage  from  underlying  bedrock. 

The  quality  of  water  often  varies  with  the  water  level  in 

the  river.   The  Musselshell  River  bottoms  are  generally  a 

source  of  fair  to  good  quality  water  suitable  for  stock  and 

domestic  purposes.   There  is  little  information  on  the  yield 

of  wells  in  other  stream  valleys.   The  presence  of  lenses  of 

sand  and  gravel  would  generally  result  in  moderate  yields  of 

fair  to  poor  quality  water. 

Quality 

The  groundwater  is  generally  of  poor  chemical  quality 
and  contains  dissolved  solids  well  in  excess  of  the  standards 
recommended  by  the  U.S.   Public  Health  Service.   Problems 
of  taste,  odor,  laundry  use  and  culinary  use  are  generally 
associated  with  such  water.   The  chemical  analyses  of  the 
municipal  supplies  of  Jordan,  Circle  and  Richey  are  fairly 
indicative  of  the  groundwater  of  the  study  area.   These 
analyses  and  the  standards  are  given  in  Table  V-C. 

The  water  available  from  wells  and  springs  in  the  proposed 
conservancy  district  area  is  generally  of  low  quality  with 
regard  to  irrigation.   The  quality  of  water  for  irrigation 
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TABLE  V-C 

Chemical  Analysis  of  Municipal  Water  Supplies 
Parts  par  Hi  11  ion  ov   Milligrams  per  Liter 

City  or  Tov/n     a)Std. 

Source 

Date 

Total  Solids     b) 500 

Hardness 

Ca  (Calcium) 

Mg  (Magnesium) 

Na+K  (Sodium  & 
Potass i  um) 

COo  (Carbonate) 

HCO3  (Bicarbonate) 

SO/,  (Sulfate)  250 

CI     (Chloride)  250 

NO3    (M it  rate) 

F    (Flouride)  1 .7 

Fe    (Iron  0.3 

As    (Arsenic)  0.1 

Pb    (Lead) 

Cu    (Copper)  1 .0 

Zn    (Zinc)  5.0 

a)  Standards   of    the    U.S.    Public  Health   Service    for    interstate    use   of  water. 

b)  Total    solids    up    to    1,000   pnrts   per   million   are   acceptable   where    no   better  water    is 
avai lable. 


Jordan 

C  i  rele 

Ci  rele 

Ci  rele 

Ci  rele 

Richey 

We  1 1 

Well //I 

Well #2 

Well #3 

Compos  i  te 

We  11 #2 

8/66 

8/67 

8/67 

8/67 

10/66 

2/63 

2020 

2552 

2200 

2070 

2520 

1170 

28 

25 

115 

65 

138 

kS 

6 

10 

18 

]h 

20 

8 

3 

0 

17 

7 

22 

6 

7'i0 

9A6 

78^ 

7'i6 

880 

'i75 

18 

2k 

30 

hi 

12 

k3 

522 

810 

866 

866 

910 

1098 

1090 

1250 

9'i0 

Ml 

1195 

0 

30 

22 

20 

19 

23 

lh 

2.1 

0 

0.2 

0 

3.5 

2.9 

1.1 

2.3 

2.55 

2.6 

2.6 

A. 5 

0.00 

0.2 

0.0 

0.0 

0.1 4 

0.00 

0.00 

- 

0.0 

0.0 

0.00 

0.00 

0.00 

- 

- 

- 

0.00 

0.00 

0.00 

- 

- 

- 

0.00 

0.00 

- 

- 

- 

- 

- 

0.00 

I 

3 
] 
3 
I 
1 
1 
1 
1 
1 
1 
I 
i 
I 
I 
I 
I 
I 
I 
I 
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purposes  is  usually  a  function  of  three  variables;   (1)  The 
total  soluable  content  of  the  water,  (2)  the  ratio  of 
sodium  (Na)  to  calcium  (Ca)  plus  magnesium  (Mg)  and,  (3) 
the  quantity  of  exotic  but  toxic  materials  such  as  boron. 
There  is  little  evidence  of  exotic  but  toxic  materials  in 
waters  of  the  area,  but  in  general,  the  soluable  salt  content 
and  high  sodium  content  of  these  waters  make  them  unsuitable 
for  irrigation. 

High  soluable  salt  waters  are  unsuitable  for  irrigation 
for  two  reasons.   Soluable  salts  have  such  a  high  affinity 
for  water  that  plants  are  unable  to  extract  water  from  the 
soil.   Thus,  the  plantssuffer  from  drought  even  in  relatively 
wet  soils.   Also,  high  soluable  salt  contents  have  a  direct 
toxic  effect  upon  plants  and  at  high  levels  will  completely 
prohibit  plant  growth.   The  soluable  salt  content  of  water 
is  evaluated  by  measuring  the  electrical  conductivity  of  the 
water.   As  the  salt  content  increases,  the  electrical 
conductivity  increases.   The  electrical  conductivity  of  water 
is  reported  as  micromohs/cm.   Water  with  an  electrical 
conductivity  of  750  micromohs/cm  is  generally  satisfactory 
for  irrigation  as  far  as  salts  are  concerned.   In  the  conduc- 
tivity range  of  from  750-2,250  micromohs/cm,  good  irrigation 
practices  and  salt-tolerant  crops  must  be  used.   Irrigation 
with  water  with  a  conductivity  greater  than  2,250  micromohs 
is  almost  never  successful. 
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The  ratio  of  sodium  to  calcium  plus  magnesium  in  the 
irrigation  water  is  important  because  of  the  influence  of 
sodium  on  the  physical  properties  of  soils.   Clays,  especially 
the  types  of  clays  found  in  the  soils  of  the  proposed  con- 
servancy district  react  with  sodium  forming  soils  systems 
with  excessive  swelling  and  shrinking  properties.   Soil 
systems  of  this  type  are  almost  impermeable  to  water  and  air, 
growth  of  plant  roots  and  shoots  is  essentially  prohibited, 
and  farming  practices  such  as  plowing  and  irrigation  are 
extremely  difficult.   The  quantity  of  sodium  absorbed  on 
the  clay  is  dependent  on  the  ratio  of  sodium  to  calcium  plus 
magnesium  in  the  soil  system.   This  is  expressed  as  the  SAR 
of  the  system.   An  irrigation  water  SAR  of  greater  than  about 
ten  (certainly  less  than  15)  would  almost  certainly  result 
in  destruction  of  most  of  the  land  irrigated. 

The  table  below  presents  conductivity  data  (micromohs/cm) 
and  SAR  data  of  water  samples  submitted  to  the  Soil  Testing 
Laboratory  of  Montana  State  University  from  the  proposed 
conservancy  district  for  analysis.   These  are  random  but 
representative  samples  submitted  within  the  last  year.   Not 
a  single  one  of  the  wells  and  springs  represented  by  these 
samples  is  a  satisfactory  source  of  irrigation  water  because 
of  high  salts  or  high  sodium  or  both. 
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Conductivity  and  SAR  of  Water  Samples 
from  the  Proposed  Conservancy  District 


Sample           Conductivity  (micromohs/cm)  SAR 

1  2500  27 

2  3800  7 

3  3400  45 

4  1700  38 

5  4000  10 

6  5000  8 

7  2600  11 

8  2700  10 

9  1800  60 
10  2900  44 


Considering  the  source  of  sub-surface  irrigation  water 
in  the  area,  the  low  well  water  quality  is  not  surprising. 
Nearly  all  of  the  sub-surface  water  is  associated  in  some 
way  with  shales ,  often  marine  shales ,  that  make  up  an  important 
part  of  the  sub-surface  land  formations.   These  shales  are 
generally  very  high  in  both  soluable  salts  and  sodium. 
There  are  exceptions.   In  some  areas  there  are  relatively 
thick  layers  of  sandstone  and  in  those  cases  where  water  has 
been  accumulated  in  the  sandstone  without  first  moving  through 
the  shale,  high  quality  water  may  exist.   As  is  apparent 
from  the  above  table,  these  high-quality  waters  are  not 
common . 

Much  of  the  shallow  aquifer  and  spring  water  of  the  area 
occurs  because  of  water  movement  through  the  upper  soil  and 
parent  material  and  collection  at  some  depth  on  an  impermeable 
shale  layer.   This  collected  water  then  moves  down  a  slope 


. 
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and  forms  a  spring  at  some  lower  point.   These  waters  are 

also  of  low  quality  because  the  upper  layer  of  the  land- 
scape is  also  high  in  salt  and  sodium.   The  percolating 
water  collects  these  materials  as  it  moves. 

An  important  ingredient  of  many  of  the  waters  in  the  area 
is  sulphate,  especially  magnesium  sulphate.   This  is  also 
the  major  ingredient  of  "milk  of  magnesia".   Thus,  the  well 
known  and  unpleasant  effect  of  these  waters  on  people, 
especially  non-residents  of  the  area,  is  not  surprising. 

Geological  Formations 

The  sandstones  of  many  of  the  formations  will  yield  fair 
to  good  quality  water  which  is  suitable  for  stock  and 
domestic  purposes.   A  discussion  of  the  geology  of  the  area 
and  groundwater  information  may  be  helpful  in  understanding 
the  variations  in  the  yield  and  quality  of  water  in  existing 
wells  and  aid  in  further  well  development.   The  material 
that  follows,  as  well  as  some  of  the  preceding  groundwater 
information,  was  abstracted  from  discussions  of  groundwater 
of  Garfield,  McCone  and  Richland  Counties  prepared  by  Mr. 
Maxwell  Botz  of  the  Montana  Bureau  of  Mines  and  Geology  for 
inclusion  in  a  state-wide  report  on  comprehensive  water  and 
sewer  planning  for  the  Montana  Planning  Board. 

The  geological  history  of  the  study  area  includes  long 
periods  of  sedimentation,  then  erosion,  regional  uplifting 
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and  downwarping  of  the  earth's  crust,  and  continental 
glaciation.   Except  for  intrusive  igneous  rocks  at  Smoky 
Butte,  located  eight  miles  due  west  of  Jordan,  all  of  the 
exposed  rocks  are  of  sedimentary  origin  and  range  in  age 
from  Cretaceous  (65  to  135  million  years  old)  to  Recent 
(less  than  twenty  thousand  years  old) .   During  most  of 
Cretaceous  time,  thick  sequences  of  marine  sediments  were 
deposited,  followed  by  deposition  of  thick  coal  bearing 
sediments  during  Late  Cretaceous  and  Early  Tertiary  time 
(fifty  to  seventy  million  years  old) .   Downwarping  of  the 
earth's  crust  caused  a  regional  valley  like  structure  in  the 
sediments  known  as  the  Blood  Creek  syncline.   This  structure 
trends  east  west  through  central  Garfield  County  and  plunges 
gently  downward  to  the  east.   In  southwestern  Garfield  County, 
the  sediments  have  been  further  disturbed  by  the  uplifting  of 
the  Freedom  Dome  (fifteen  miles  south  of  Jordan) ,  the  Alice 
Dome  (about  fifteen  miles  south  of  Sand  Springs) ,  the 
Mosby  Dome  at  Mosby,  and  the  Porcupine  Dome  just  south  of 
Garfield  County. 

The  Smoky  Butte  intrusives,  a  local  feature,  are  igneous 
rocks  that  forced  their  way  upward  through  the  sediments  into 
the  lower  member  of  the  Fort  Union  Formation.   These  intrusive 
rocks  are  located  about  eight  miles  due  west  of  Jordan  and 
are  not  extensive  enough  to  be  of  significance  to  the  water 
resources  of  Garfield  County. 

Rapid  uplift  and  erosion  of  the  Rocky  Mountains  to  the 
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west  deposited  sand  and  gravel  in  streams  (the  Flaxville 
and  Wiota  Gravels)  in  parts  of  McCone  County  during  Late 
Tertiary  time  (one  to  fifty  million  years  ago) .   Only 
scattered  remnants  of  these  high  level  terrace  deposits 
remain  today.   During  the  Pleistocene  epoch  (twenty  thousand 
to  one  million  years  ago) ,  the  northern  half  of  McCone  County 
was  covered  by  large  ice  sheets.   The  ice  sheets  blocked  the 
Missouri  and  the  Musselshell  Rivers'  tributaries,  creating 
numerous  glacial  lakes.   One  of  these,  Lake  Jordan,  covered 
a  large  portion  of  the  western  half  of  Garfield  County,  and 
another,  Lake  Musselshell,  covered  much  of  the  western  portion 
of  the  county.   Sediment  in  these  lakes  deposited  ana  formed 
a  mantle  of  silt  and  clay  that  covers  all  but  the  central 
third  of  Garfield  County.   These  lake  deposits  are  not  an 
important  source  of  water  because  the  sediments  are  generally 
too  fine  to  transmit  water  in  usable  quantities.   Continental 
ice  sheets  advancing  a  few  miles  into  Garfield  County  from 
the  north,  and  in  the  northern  half  of  McCone  County,  left 
a  heterogeneous  mixture  of  rocks,  boulders,  gravels,  silts, 
and  clays.   Where  there  are  zones  of  saturated  gravels,  water 
of  fair  to  poor  quality  can  be  found  in  sufficient  quantities 
for  stock  and  domestic  use.   Outwash  and  buried  channel 
deposits  (located  mostly  in  the  northern  half  of  McCone 
County)  yield  small  to  moderate  quantities  of  highly  mineral- 
ized water  (two  to  twenty  gpm) ,  provided  they  are  saturated. 
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Scattered  remnants  of  high  level  terraces  of  Early  Pleistocene 
and  Late  Tertiary  age  are  present  along  the  margins  of  the 
Missouri  River  valley  and  in  the  southern  part  of  the  county. 
These  older  terraces  are  generally  quite  thin  and  extensively 
dissected  by  erosion,  thus,  the  terrace  deposits  contain 
little  or  no  ground  water. 

Geologic  formations  of  importance  to  the  ground  water 
resources  are  (1)  alluvium  of  Recent  geological  age  (less  than 
twenty  thousand  years  old) ,  (2)  glacial  deposits  of  Pleistocene 
geologic  age  (twenty  thousand  to  one  million  years  old) , 
(3)  the  Fort  Union  Formation  of  Tertiary  geologic  age  (one 
to  seventy  million  years  old) ,  and  the  Hell  Creek  Formation, 
Fox  Hills  Formation,  and  Judith  River  Formation  of  Cretaceous 
age  (70  to  135  million  years  old) .   The  underlying  formations 
are  of  little  significance  to  the  water  resources  because  of 
their  great  depth  and  uncertain  quality  of  the  water. 
Geologic  formations  important  to  the  water  resources  are 
described  below,  beginning  with  the  youngest  strata. 

Alluvium  of  Recent  age  is  present  in  valley  bottoms  of 
the  Musselshell  River  and  other  major  streams  in  Garfield 
County.   The  Musselshell  forms  the  western  boundary  of  that 
county.   Alluvium  along  the  Musselshell  consists  of  clay, 
silt,  sand,  and  gravel  mixtures  ranging  from  twenty  to  fifty- 
five  feet  in  thickness.   Wells  drilled  into  this  alluvium 
will  generally  yield  sufficient  quantities  of  fair  to  good 
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quality  water  to  wells  for  domestic  and  stock  purposes. 
Alluvium  in  the  bottom  of  the  other  streams  in  Garfield 
County  consists  of  about  five  to  thirty  feet  of  silt  and 
clay.   Locally  this  alluvium  may  contain  lenses  of  sand  and 
gravel.   Wells  drilled  into  this  stream  alluvium  will  usually 
produce  small  quantities  of  fair  to  poor  quality  water. 

Extensive  deposits  of  coarse  to  fine  grained  unconsolidated 
alluvial  material  of  Recent  age  underlie  the  Missouri  River 
bottom  land,  which  in  places  attains  a  width  of  four  miles, 
as  well  as  the  narrower  flood  plains  of  the  minor  streams 
of  McCone  County.   A  detailed  investigation  of  the  alluvial 
deposits  along  the  Missouri  River  by  Hopkins  and  Tilstra 
(1966)  has   shown  that  the  flood  plain  deposits  are  up  to 
150  feet  thick  and  contain  mostly  clay  and  silt  in  the  upper 
part;  sandy  clay,  sand,  and  gravelly  sand  in  the  middle  part; 
and  sand  and  gravel  in  the  lower  part.   In  general,  the  thick- 
est layers  of  gravel  occupy  the  deeper  parts  of  the  valley. 
Where  this  basal  gravel  unit  is  over  fifteen  feet  thick, 
chances  of  wells  yielding  more  than  nine  hundred  gallons 
per  minute  (gpm)  are  good.   Yields  exceeding  one  hundred 
gpm  can  be  expected  from  most  wells  located  in  the  alluvial 
flood  plain  deposits.   The  alluvium  is  recharged  by  leakage 
from  underlying  bedrock  formations  and  from  the  river 
during  the  flood  season. 

Water  derived  from  the  alluvium  ranges  widely  in  total 
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dissolved  solids  (TDS)  and  is  commonly  characterized  by  a 
predominance  of  sodium,  sulfate,  and  bicarbonate  ions.   To 
avoid  extensive  salt  accumulation,  this  type  of  water  should 
only  be  applied  to  well  drained  soils.   High  concentrations 
of  iron,  manganese,  sulfate,  and  TDS  in  the  groundwater 
adversely  affect  its  suitability  for  domestic  supplies; 
however,  residents  along  the  Missouri  River  have  used  this 
water  for  many  years  and  have  become  accustomed  to  its 
high  mineral  content. 

Detailed  information  concerning  thickness  and  composition 
of  the  alluvium  along  the  smaller  streams  (Redwater,  Timber, 
Prairie  Elk,  and  Sand  Creeks)  of  McCone  County  is  not  avail- 
able.  In  most  cases,  the  alluvial  fill  is  probably  five  to 
forty  feet  thick  and  contains  mostly  stratified  clay,  silt, 
and  sand  with  a  few  gravel  lenses.   If  shallow  wells  encounter 
several  feet  of  saturated  sand  or  gravel,  small  to  moderate 
quantities  of  water  (one  to  ten  gpm)  can  be  expected. 
Because  all  the  streams  are  intermittent,  most  of  the  water 
contained  in  the  alluvium  is  drained,  evaporated  from  the 
surface,  or  transpired  by  the  vegetation  growing  along  the 
creeks;  consequently,  many  wells  go  dry  each  summer.   Water 
derived  from  the  shallow  alluvium  is  usually  highly  mineral- 
ized (high  in  sodium,  sulfate,  and  bicarbonate)  and  is 
easily  polluted. 

The  youngest  consolidated  bedrock  formation  exposed  in  the 
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study  area  is  the  Fort  Union  Formation  of  Tertiary  age. 
This  formation  is  composed  of  three  members:   (1)  Tongue  River 
(youngest) ,  (2)  Lebo,  and  (3)  Tullock  (oldest) .   The  downward 
continuing  order  of  lower  sedimentary  deposits  is  the  Hell 
Creek  Formation,  Fox  Hills  Formation,  Bearpaw  Shale,  Judith 
River  Formation,  Claggett  Formation  and  the  Eagle  Formation. 
The  remaining  discussion  of  water  occurrence  in  these  form- 
ations will  be  on  a  county  basis  beginning  with  Garfield 
County . 

The  Fort  Union  formation  of  Tertiary  age  underlies  the 
glacial  lake  sediments  in  eastern  Garfield  County  and  is  exposed 
at  the  ground  surface  in  the  central  part  of  the  county. 
The  formation  consists  of  twelve  hundred  to  fourteen  hundred 
feet  of  clay,  shale,  lignite,  and  discontinuous  sandstone 
beds.   In  the  southeast  part  of  the  county,  a  massive  sand- 
stone forms  the  base  of  the  Tongue  River  Member.   This 
basal  sandstone  will  generally  yield  sufficient  quantities 
of  fair  to  good  quality  water  to  wells  for  domestic  and 
stock  use.   Other  sandstones  in  both  the  Tongue  River  and 
Tullock  Member  will  generally  yield  adequate  amounts  of 
fair  to  good  quality  water  for  stock  and  domestic  use,  al- 
though locally  the  water  may  be  highly  mineralized.   The 
Lebo  Member  consists  almost  entirely  of  shale  and  will  yield 
little  or  no  potable  water. 

The  Hell  Creek  Formation  of  Cretaceous  age  underlies  lake 
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silts  in  part  of  western  Garfield  County  and  underlies  the 
Fort  Union  Formation  elsewhere.   The  Hell  Creek  consists  of 
250  to  400  feet  of  continental  and  brackish  water  deposits 
of  sandstone,  shale,  muds tone,  and  siltstone.   The  sandstone 
beds  generally  yield  soft  water  to  wells  in  sufficient 
quantities  for  stock  and  domestic  use.   Many  privately  owned 
wells  in  Jordan  are  drilled  into  sandstones  of  the  Hell 
Creek  and  flow  at  a  rate  of  two  to  five  gallons  per  minute 
(gpm)  from  about  two  hundred  feet. 

The  Fox  Hills  Formation  of  Cretaceous  age  underlies  the 
Hell  Creek  Formation,  although  a  thin  strip  of  Fox  Hills 
underlies  lake  silts  in  extreme  western  Garfield  County. 
The  Fox  Hills  consists  of  two  members,  the  fifty  to  eighty 
feet  thick  Colgate  Sandstone  and  a  lower,  unnamed  member 
consisting  of  sixty  to  one  hundred  feet  of  interlayered 
sandstone  and  shale.   In  part  of  extreme  southern  Garfield 
County,  the  Colgate  Sandstone  may  have  been  eroded  away  before 
the  Hell  Creek  Formation  was  deposited.   Most  wells  drilled 
into  the  Fox  Hills  Formation  penetrate  only  the  Colgate 
Sandstone,  which  generally  supplies  sufficient  quantities 
of  soft  water  to  wells  for  domestic  and  stock  use.   Usually 
a  basal  sandstone  in  the  Hell  Creek  rests  on  the  Colgate 
Sandstone,  and  together  they  form  a  relatively  thick  and 
continuous  aquifer  (water  bearing  zone) . 

The  Bearpaw  Shale  is  exposed  at  the  ground  surface  on  the 
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Mosby  Dome  at  Mosby  and  underlies  the  Hell  Creek  Formation. 
The  Bearpaw  consists  of  nine  hundred  to  eleven  hundred 
feet  of  dark,  dense  shale  that  contains  virtually  no  potable 
water. 

Also  exposed  on  the  Mosby  Dome  and  underlying  the  Bearpaw 
Shale  is  the  Judith  River  Formation  of  Cretaceous  age.   The 
Judith  River  consists  of  about  five  hundred  feet  of  alter- 
nating beds  of  sandstone  and  siltstone  with  some  layers  of 
shale  and  lignite.   The  sandstone  will  yield  sufficient 
water  to  wells  for  domestic  and  stock  purposes,  but  the 
water  quality  ranges  from  fair  to  highly  mineralized. 
Flowing  wells  can  be  obtained  along  the  Missouri  and  Mussel- 
shell Rivers  where  the  depth  to  the  Judith  River  is  five 
hundred  to  one  thousand  feet. 

About  five  hundred  feet  of  dense,  dark  shale,  similar 
to  that  of  the  Bearpaw,  lies  below  the  Judith  River  Formation. 
This  formation  is  the  Claggett  Formation  and  is  generally 
nonwater  bearing. 

The  Eagle  Formation,  which  is  exposed  on  the  Mosby  Dome, 
underlies  the  Claggett  and  consists  of  150  to  250  feet  of 
silty  and  clayey  sandstones.   The  Colorado  is  unsuitable 
as  a  source  of  potable  water. 

The  groundwater  resources  of  Garfield  County  will  continue 
to  be  developed  for  stock  and  domestic  use  and  to  a  minor 
extent  for  municipal  and  irrigation  uses.   It  appears  that 
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the  Fox  Hills  and  Hell  Creek  Formations  may  yield  enough 
water  for  very  small  irrigation  projects  in  extreme 
northwestern  Garfield  County  near  the  Missouri  River. 
Extensive  and  detailed  hydrogeological  study  must  be  con- 
ducted to  obtain  adequate  amounts  of  water  suitable  for 
various  purposes. 

The  Tongue  River  Member,  exposed  in  the  southeastern 
half  of  McCone  County,  attains  a  maximum  thickness  of  about 
seven  hundred  feet  and  contains  light  yellow  to  gray  alter- 
nating shales  and  sandstones,  with  several  persistent  coal 
beds.   Because  the  sandstone  units  vary  considerably  in 
thickness,  permeability  (ability  to  yield  water) ,  and  areal 
extent,  it  is  difficult  to  predict  well  yields  and  depths. 
In  general,  wells  of  from  100  to  300  feet  in  depth  will 
encounter  enough  sandstone  lenses  and  coal  beds  to  yield 
2  to  30  gpm.   The  Tongue  River  is  primarily  recharged  by 
precipitation  moving  through  the  soil  into  the  groundwater 
reservoir.   The  water  supplies  for  the  community  of  Brockway 
and  the  majority  of  the  water  used  by  the  town  of  Circle 
are  derived  from  the  Tongue  River  Member.   The  water  is 
moderately  to  highly  mineralized,  with  sodium,  sulfate,  and 
bicarbonate  being  the  predominant  constituents. 

Underlying  the  southeastern  two  thirds  of  McCone  County 
and  dipping  beneath  the  Tongue  River  is  the  Lebo  Shale 
Member  of  the  Fort  Union  Formation.   Where  the  Lebo  has  not 
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been  exposed  to  erosion,  it  is  approximately  four  hundred 
feet  thick  and  is  predominantly  gray  to  black  shale  with 
scattered  lenses  of  brownish  sandstone.   Except  for  the 
"Big  Dirty"  coal  bed  at  its  base,  the  Lebo  contains  only  a 
few  lenses  of  coal,  all  of  which  are  in  the  basal  one 
hundred  feet.   The  Lebo  is  virtually  impermeable  and  yields 
little  or  no  water  to  wells.   If  any  water  is  obtained,  it 
is  likely  to  be  highly  mineralized  and  unsuitable  for 
domestic  or  stock  purposes. 

Underlying  the  Lebo  and  the  southeastern  three  fourths 
of  McCone  County  is  the  Tullock  Member  of  the  Port  Union. 
The  Tullock  is  composed  of  about  165  feet  of  alternating 
beds  of  tan  to  gray  shale,  sandy  shale,  and  sandstone.   The 
dark  shale  is  commonly  carbonaceous,   containing  thin  beds 
of  coal  five  to  thirty  feet  apart.   The  sandstone  lenses 
and  coal  beds  yield  small  quantities  (2  to  8  gpm)  of  poor 
quality  water  to  wells.   Because  the  underlying  Hell  Creek 
and  Fox  Hills  Formations  are  better  aquifers  than  the 
Tullock  (both  in  quantity  and  quality) ,  many  wells  pass 
through  the  Tullock  and  utilize  the  deeper  aquifers.   Some 
wells  in  the  vicinity  of  Vida  obtain  water  from  the  Tullock. 

Exposed  in  the  northern  part  of  McCone  County  and  dipping 
beneath  the  Fort  Union  is  the  Hell  Creek  Formation  of  Upper 
Cretaceous  age.   The  Hell  Creek  is  reported  to  be  220  to 
280  feet  thick,  containing  mostly  dark  gray  shales  with  a 


-27- 
persistent  coal  bed  at  the  top  and  several  thick  medium 
grained  crossbedded  sandstone  units  near  the  base.   Wells 
tapping  these  sandstone  units  commonly  yield  10  to  20  gpm. 
Water  from  the  Hell  Creek  is  only  moderately  mineralized 
in  the  northern  part  of  the  county,  but  it  becomes  highly 
mineralized  to  the  south,  where  the  formation  is  deeply 
buried. 

The  Fox  Hills  Formation,  exposed  along  the  Missouri  River 
Breaks,  underlies  the  Hell  Creek.   The  Fox  Hills  is  roughly 
120  feet  thick  and  contains  two  prominent  members?   (1)  an 
upper  unit  commonly  called  the  Colgate  Sandstone,  which  is 
about  eighty  feet  thick  and  is  predominantly  fine  to  medium 
grained,  light  brown  sandstone?  and  (2)  a  lower  member 
composed  chiefly  of  thin  bedded,  grayish  yellow,  sandy 
shale.   The  Colgate  varies  considerably  in  thickness  and  may 
be  absent  in  some  localized  areas.   If  the  Colgate  Sandstone 
is  present,  yields  of  fifteen  to  forty  gpm  can  be  expected 
from  wells.   The  water  is  somewhat  mineralized,  but  generally 
suitable  for  domestic  purposes.   The  Fox  Hills  is  recharged 
by  precipitation  and  possibly  by  the  Missouri  River  in  the 
northeastern  part  of  the  county. 

The  oldest  bedrock  formation  exposed  in  McCone  County  is 
the  Bearpaw  Shale  containing  eleven  hundred  feet  of  essential- 
ly nonwater  bearing,  dark  gray,  dense,  marine  shale. 

Underlying  the  Bearpaw  is  the  Judith  River  Formation  of 
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Upper  Cretaceous  age.   The  Judith  River  Formation  contains 
three  hundred  to  five  hundred  feet  of  grayish  white  sand- 
stone and  light  to  dark  gray  sandy  shale  and  shale.  A  few 
thin  beds  of  coal  and  carbonaceous  shale  are  locally  present. 
Individual  beds  of  sandstone  or  shale  are  not  continuous, 
either  in  thickness  or  composition,  and  consequently  the 
sequences  of  rock  types  differ  from  place  to  place.   Water 
obtained  from  wells  drilled  into  the  Judith  is  under  consider- 
able artesian  pressure,  and  flowing  wells  are  common.   Most 
flowing  wells  discharge  1  to  15  gpm.   Water  derived  from 
the  Judith  River  Formation  in  northwestern  McCone  County  is 
likely  to  be  highly  mineralized  (2,500  to  3,500  gpm  TDS) , 
with  sodium,  bicarbonate,  and  chloride  being  the  predominant 
ions.   As  the  formation  becomes  more  deeply  buried  to  the 
southeast,  the  water  becomes  more  mineralized. 

Little  is  known  about  the  ground  water  potential  of  deeper 
aquifers  in  McCone  County;  however,  any  water  obtained  from 
these  aquifers  is  probably  highly  mineralized  and  unfit  for 
domestic  and  stock  purposes. 

In  summary,  there  has  been  little  development  of  ground 
water  contained  in  the  bedrock  formations  underlying  McCone 
County.   These  aquifers  are  capable  of  supplying  small  to 
moderate  quantities  of  water  to  hundreds  of  additional  wells 
which  will  likely  be  drilled  in  the  future.   Recent  flood 
plain  alluvium  along  the  Missouri  River  is  the  only  aquifer 
in  McCone  County  capable  of  producing  large  quantities  of 
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water  for  irrigation,  industrial,  and  municipal  purposes; 
however,  the  quality  of  the  water  will  continue  to  be  a 
problem.   Additional  detailed  hydrogeological  investigations 
are  needed  to  evaluate  the  ground  water  potential  of  McCone 
County. 

The  geology  and  groundwater  situation  of  the  small  parts 
of  Dawson  and  Richland  Counties  involved  in  this  report  are 
quite  similar  to  those  of  adjacent  parts  of  McCone  County. 

With  the  exception  of  an  area  around  Lambert,  much  of 
Richland  County  was  mantled  by  glacial  deposits.   Glacial 
outwash  channels  are  generally  a  fair  to  good  source  of 
groundwater.   Near  Lambert  lake  sediments  of  silt,  clay  and 
fine  grained  sand  were  deposited  as  glacial  streams  were 
dammed.   The  Recent  alluvium  near  the  Missouri  River  will 
yield  moderate  to  large  quantities  of  water  as  the  thickness 
of  underlying  gravels  vary.   The  Fox  Hills  Sandstone  is 
exposed  along  the  Missouri  River  in  the  northwestern  part 
of  Richland  County.   Faw  wells  have  been  drilled  into  the 
Fox  Hills,  but  the  formation  is  probably  a  fair  aquifer. 

For  further  detail  on  these  areas  and  Garfield  and 
McCone  Counties,  refer  to  the  groundwater  discussions  pre- 
pared by  M.K.  Botz  of  the  Montana  Bureau  of  Mines  and  Geology, 
The  discussions  will  soon  appear  in  the  comprehensive  water 
and  sewer  reports  for  the  separate  counties  under  contract 
with  the  Montana  State  Planning  Board.   These  publications 
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also  cite  other  pertinent  references. 

RELATED  WATER  DEVELOPMENT  STUDIES 


Musselshell  River 

The  U.S.  Bureau  of  Reclamation  investigated  an  irrigation 
project  which  would  provide  full  service  irrigation  to  8,330 
acres  of  land  adjacent  to  the  Musselshell  River  in  the 
vicinity  of  Mosby.   Pumping  from  the  Musselshell  River  by 
individual  operators  now  furnishes  intermittent  irrigation 
to  2,110  acres  of  the  project  areas.   Less  than  half  the 
project  area  lies  in  Garfield  County.   Project  studies  were 
described  in  November,  1967  in  a  Lower  Musselshell  Unit 
report  prepared  by  the  Upper  Missouri  Projects  Office, 
Region  6,  U.D.  Bureau  of  Reclamation.   The  report  is  avail- 
able for  inspection  at  the  offices  of  the  Montana  Water 
Resources  Board  in  Helena.   The  cost  benefit  ratio  of  the 
project  was  considered  to  be  unfavorable  under  the  prevail- 
ing economic  conditions.   A  brief  description  of  the  project 
follows.   The  maps  of  present  irrigated  land  as  found  in 
Appendix  B  and  potentially  irrigable  area  fully  described 
in  Chapter  III  of  this  report  serve  in  part,  to  identify  the 
project  area. 

Storage  is  required  to  firm  up  the  water  supply  for  the 
presently  irrigated  land  and  provide  water  for  the  additional 
lands.   After  study  of  reservoir  sites  and  associated  spill- 
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way  requirements,  an  earth  dam  129  feet  high,  impounding 

about  70,000  acre-feet  was  planned  on  Flatwillow  Creek  about 

two  miles  upstream  from  the  Musselshell  River.   The  dead 

storage  of  23,000  acre-feet  would  provide  recreational 

values  and  allow  sufficient  water  release  to  maintain  a 

downstream  fishery.   Irrigators  would  draw  their  supply 

by  individually  owned  and  operated  pumping  plants  to  serve 

the  scattered  bottom  land  along  the  Musselshell  River.   A 

diversion  of  2.85  acre- feet  per  acre  was  considered  adequate 

for  irrigation  needs  and  leaching  requirements  of  tlie  soils. 

The  project  construction  included  drainage  of  the  irrigated 

areas.   The  total  construction  cost  was  estimated  at 

$12,172,000  on  the  basis  of  1966  price  levels.   The  earth 

fill  dam  and  reservoir  were  estimated  at  $11,668,000  of 

which  $6,0  88,000  was  for  the  spillway.   Excluding  the 

retirement  of  construction  cost,  an  annual  charge  of  $1.00 

per  acre  was  assigned  for  operation  and  maintenance  of  project 

facilities.   It  was  estimated  that  the  annual  operation  and 

maintenance  cost  of  the  private  facilities  would  be  about 

$5.00  per  acre.   The  high  cost  of  providing  storage  facilities 

for  a  firm  water  supply  was  the  factor  which  made  the  project 

infeasible.   The  large  contribution  to  overall  costs  for 

spillway  construction  was  undoubtedly  a  key  factor  leading 

to  the  recommendations  on  feasibility. 
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Missouri  River 

The  U.S.  Bureau  of  Reclamation  made  a  reconnaissance 
study  of  a  number  of  small  irrigation  systems  to  serve  the 
bottom  lands  along  the  Missouri  River  in  Montana  downstream 
from  Fort  Peck  Dam.   Lands  would  be  served  by  pumping  from 
the  Missouri  River.   The  Study  is  presented  in  greater 
detail  in  a  report  on  "Northeast  Montana  Division,  Missouri 
River  Basin  Project",  prepared  by  that  agency's  Upper  Missouri 
Projects  Office  in  Region  6.   The  report  is  available  at  the 
offices  of  the  Montana  Water  Resources  Board.   Information 
on  those  irrigation  units  within  the  boundaries  of  the 
conservancy  district  study  was  obtained  from  that  report. 
They  are  shown  in  maps  reproduced  from  the  U.S.  Bureau  of 
Reclamation  report.   The  maps  follow  the  text  of  this  sub- 
section. 

The  Farmer  Creek  unit  is  situated  on  a  recent  alluvial 
terrace  south  of  the  Missouri  River  near  Lost  Creek  about 
fifteen  miles  downstream  from  Fort  Peck  Dam.   The  soils 
are  commonly  clay  and  the  undulating  surface  relief  would 
require  some  land  levelling  for  efficient  irrigation  farming. 
Irrigable  lands  total  840  acres. 

The  Wapiti  Unit  contains  3,540  acres  of  irrigable  land. 
A  small  part  lying  west  of  Prairie  Elk  Creek  is  bottom 
land  ranging  from  permeable  clays  to  loamy  sand  and  is 
considered  well  suited  to  irrigation.   The  easterly  part  to 
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be  served  by  the  Wapiti  canal  contain  soils  ranging  in 
texture  from  sands  to  clays.   Levelling  and  drainage  are 
recommended  for  some  of  this  area.   The  proposed  east  canal 
would  extend  about  two  and  one  half  miles  east  of  Sand 
Creek. 

The  Fort  Charles  Unit  lies  in  the  river  bottom  just  west 
of  the  bridge  on  the  Missouri  River  on  State  Highway  13 
opposite  Wolf  Point.   Some  land  levelling  and  pumping 
irrigation  has  taken  place.   The  3,060  acres  considered 
irrigable  are  clays  of  restricted  permeability  except  for 
some  coarser  soils  near  the  river.   No  salinity  problem  is 
expected  because  of  coarse  textures  and  well  structured 
subsoils.   The  35  percent  of  the  area  now  irrigated  by 
pumping  from  the  river  or  wells  would  receive  better  water 
service. 

The  Nickwall  Unit  lies  on  a  recent  alluvial  terrace  west 
of  the  Redwater  River  and  is  reported  to  comprise  2,190 
acres.   About  6  percent  of  the  land  is  currently  irrigated 
and  about  60  percent  is  dry  farmed.   The  slowly  permeable 
clays  over  much  of  the  area  appear  to  permit  good  vertical 
water  movement.   The  coarser  soils  adjacent  to  the  river 
would  require  good  irrigation  management  to  obtain  optimum 
yields. 

Each  unit  would  have  a  pimping  station  and  in  some  cases, 
relift  pumping  for  parts  of  a  unit.   The  static  lifts  would 
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be  in  the  20  to  30  feet  range  except  73  feet  to  the  Wapiti 
canal.   About  10  percent  of  the  gravity  canals  and  laterals 
would  be  lined.  All  of  the  systems  would  also  serve  present- 
ly irrigated  land  if  considered  suitable  for  sustained 
irrigation.   The  average  annual  diversion  requirement  was 
calculated  at  2.85  acre- feet  per  acre  of  which  1.1  acre-feet 
would  be  return  flow.   A  diversion  period  of  April  to 
October  was  considered.   Operation  of  the  9,630  acre  system 
would  be  conducted  from  a  headquarters  near  the  Fort  Charles 
Unit. 

Fair  comparison  of  the  estimated  costs  as  given  in  the  U.S. 
Bureau  of  Reclamation  report  with  those  calculated  for  the 
pumping  plans  from  Fort  Peck  Reservoir  would  require  detailed 
study.   The  U.S.  Bureau  of  Reclamation  costs  cover  complete 
systems  which  would  provide  gravity  supply  and  drainage  to 
the  land  served.   The  highly  preliminary  plans  for  the  pumping 
from  Fort  Peck  Reservoir,  which  are  discussed  later,  generally 
supply  water  in  stream  channels.   The  U.S.  Bureau  of 
Reclamation  construction  costs  given  here  are  those  of 
January,  1967s 

Unit  Acreage  Served      Construction  Cost 

$  213,000 
2,332,000 
1,828,000 
1,002,000 


Farmer  Creek 

840 

Wapiti 

3,540 

Fort  Charles 

3,060 

Nickwall 

2,190 

9,630  $5,375,000 
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The  above  construction  costs  would  average  about  $560 
per  acre,  and  annual  repayment  over  a  40-year  period  at 
5  1/2%   interest  would  cost  about  $33  per  acre.   Annual 
operation  and  maintenance  was  calculated  at  $5.59  per  acre 
served.   A  lessoning  of  these  costs  might  be  obtained  by 
redesign  of  the  proposed  systems  based  on  modern  technology. 
For  instance,  extensive  use  of  sprinkler  irrigation  might 
well  result  in  lower  ditch  construction  costs  because  of 
the  need  for  less  water  and  a  decrease  in  estimated  drainage 
costs  because  of  less  water  applied  to  the  land. 

In  addition  to  the  above  four  units,  several  other  areas 
were  considered  suitable  for  irrigation.   Investigations  of 
these  were  deferred  for  lack  of  local  interest  or  other 
reasons.   An  N-Bar-N  unit  which  may  comprise  about  3,200 
acres,  could  serve  the  bottom  land  between  the  Farmer  Creek 
and  Wapiti  Units.   A  Redwater  Unit  of  about  840  acres  is 
largely  in  the  northeast  corner  of  Richland  County  near  the 
mouth  of  the  Redwater  River.   A  Charley  Creek  Unit  could 
serve  about  820  acres  in  Range  53E  upstream  from  the  mouth 
of  Charley  Creek. 

Pumping  from  the  Missouri  River  to  serve  a  substantially 
larger  acreage  than  the  four  separate  units  considered  by 
the  U.S.  Bureau  of  Reclamation  was  studied.   The  plan  would 
serve  14,000  acres  in  the  Nickwall  and  Sheep  Creek  basins  and 
the  lower  lands  along  the  west  side  of  the  Redwater  River 
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downstream  from  Wolf  Creek.   It  would  include  the  Nickwall 
and  Redwater  units  mentioned  in  the  U.S.  Bureau  of  Reclamation 
plans.   McCone  Plan  B  for  pumping  from  Fort  Peck  Reservoir 
would  have  approximately  the  same  irrigated  acreage  in  the 
Nickwall  and  Sheep  Creek  basins,  and  also  serve  the  Wolf 
Creek  basin. 

The  highly  preliminary  costs  developed  for  this  plan  show 
a  construction  cost  of  about  $4,000,000  or  $286  per  acre. 
The  relatively  favorable  cost  of  this  plan  indicates  it  should 
be  studied  in  closer  relation  to  McCone  Plans  A  and  B. 

D.   FORT  PECK  RESERVOIR  PUMPING  AND  WATER  DELIVERY  PLANS 
General 

The  size,  location  and  relative  elevation  of  Fort  Peck 
Reservoir  with  respect  to  the  irrigable  lands  of  the  study 
area  indicates  that  a  large  part  of  the  engineering  invest- 
igations should  be  devoted  to  alternative  plans  of  pumping 
from  that  water  body.   In  addition,  as  explained  in  Chapter  I, 
the  original  application  and  definition  of  the  preliminary 
feasibility  study  called  for  a  preliminary  assessment  of 
using  water  from  Fort  Peck  Reservoir  for  water  developments 
in  the  study  area. 

This  multipurpose  reservoir  is  subject  to  a  considerable 
range  of  stage.   For  purpose  of  this  study,  it  has  been 
assumed  the  water  surface  may  be  drawn  to  an  elevation  of 
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2,200  feet  during  the  irrigation  season  following  a  series 

of  low  runoff  years,  such  as  occurred  in  1960  and  1961. 

Under  average  conditions  the  water  level  would  probably 

fluctuate  between  2,230  and  2,245  feet  elevation.   In 

serious  flood  periods  the  water  level  could  conceivably  be 

slightly  higher  than  the  2,250  feet  elevation  which  is  the 

top  of  the  25-foot  spillway  gates. 

Basic  Description  of  Engineering  Systems  Considered 

Securing  water  from  Fort  Peck  Reservoir  and  conveying  it 
to  the  points  of  use  in  the  study  area  presents  some  complex 
problems. 

This  study  was,  to  some  degree,  hampered  in  detailed 
engineering  work  because  of  the  lack  of  adequate  maps. 
The  Army  Map  Service  has  issued  maps  covering  the  study 
area  on  a  scale  of  1/4  inch  equals  1  mile,  and  contour 
intervals  of  100  feet.   The  precise  selection  of  pumping 
sites  and  canal  locations  on  such  maps  is  necessarily  diffi- 
cult and  indefinite.   The  few  available  U.S.  Geological 
Survey  topographic  maps  were  useful  for  some  parts  of  the 
routings  in  Garfield  County.   An  extensive  use  was  made  of 
aerial  photography,  barometric  levelling  and  field  re- 
connaissance by  the  study  staff  to  supplement  the  map 
coverage. 

High  lifts  and  large  volume  pumping  is  definitely  required 
to  provide  gravity  flow  to  the  general  areas  of  use  and  to 
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provide  irrigation  water  as  economically  as  possible  to  the 
study  area  in  question.   The  minimum  static  lift  given  detailed 
study  was  300  feet  with  a  discharge  capacity  of  59  cubic 
feet  per  second  (cfs) .   Static  lifts  as  high  as  900  feet 
were  considered.   The  largest  pump  capacity  incorporated 
into  any  of  the  preliminary  engineering  plans  was  540  cfs. 

The  seasonal  use  and  high  peak  demand  of  hot  and  dry 
summer  months  makes  it  desirable  in  some  plans  to  provide 
storage  and  thereby  use  less  pumping  equipment  capacity. 

Efficient  high  head  and  high  capacity  pumps  require  a 
positive  suction  head  of  about  fifty  feet.   This  means  that 
any  pumphouse  structure  at  Fort  Peck  Reservoir  must  be  over 
the  water  and  that  the  pump  bowl  would  need  to  be  at 
approximately  2,150  feet  elevation.   By  using  an  initial 
low  lift  to  a  small  reservoir,  the  first  pumphouse  could 
be  located  nearer  the  shore,  but  still  over  the  water. 
The  highly  preliminary  cost  estimates  used  in  this  study 
on  pump  costs  indicated  that  the  latter  system  is  probably 
the  least  expensive. 

Relift  stations  were  selected  in  cases  where  the  total 
pumping  head  was  over  500  feet.   Pressure  pipelines  are 
proposed  or  considered  to  carry  the  water  by  the  shortest 
apparent  distance  to  a  ridge  or  drainage  divide.   Storage 
reservoirs  do  permit  some  reduction  in  the  size  of  pumping 
equipment  and  pipe  lines  with  respect  to  water  requirements 
of  hot  summer  months. 
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The  description  of  the  individual  plans  and  the  cost 

estimates  outlined  below  are  all  based  on  the  use  of  a 

high  head  initial  lift  at  Fort  Peck  Reservoir. 

Most  canals  are  layed  out  or  preliminarily  conceived  to 
follow  ridges  to  points  where  water  could  be  released  into 
stream  channels.   It  is  further  assumed  that  individual 
irrigators  would  then  divert  from  the  streams  by  either 
canals  or  pumping  systems  or  a  combination  of  both. 

The  potentially  irrigable  acres  of  the  study  area  as 
discussed  in  detail  in  Chapter  III  are  scattered  and  generally 
lie  in  or  near  stream  channels.   The  largest  irrigable 
tracts  within  reach  of  the  proposed  systems  are  in  the 
broader  valleys.   The  plans  do  not  include  the  canals  or 
private  pumping  systems  which  will  be  required  to  divert 
water  and  apply  it  to  the  individual  lands. 

The  number  of  irrigated  acres  which  is  included  under 
each  of  the  respective  plans  in  both  Garfield  and  McCone, 
Richland  and  Dawson  Counties,  is  an  approximation  of  the 
number  of  acres  which  could  be  reached  compared  to  the  total 
potentially  irrigable  discussed  or  outlined  in  Chapter  III. 
The  items  of  consideration  which  were  taken  into  account  in 
the  estimation  of  the  number  of  potentially  irrigable  acres 
which  could  be  reached  by  the  irrigation  system  were  judgments 
as  to  proximity  to  the  canals  and  also  the  relative  elevation 
of  the  potentially  irrigable  land  in  relationship  to  the 
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elevation  of  the  canals.  The  general  rules  of  thumb  used 
in  the  identification  of  potentially  irrigable  acres  were 
that  they  lie  within  one  half  mile  of  the  water  source  or 
canal  or  stream  and  also  that  their  elevation  be  within 
a  hundred  feet  of  the  elevation  of  the  water  as  delivered 
in  the  system. 

Recognition  of  Irrigation  Water  Needs 

The  estimated  water  requirements  for  irrigation  were 
based  largely  upon  Bulletin  494 ,  issued  by  the  Montana 
Agricultural  Experiment  Station  at  Montana  State  University. 
Crops  for  livestock  feed  production  were  considered  to  be 
the  principal  users  of  the  irrigation  water.   An  annual 
consumptive  use  of  25  inches  was  assumed  for  each  irrigated 
acre.   Effective  precipitation  would  reduce  the  irrigation 
requirement  to  a  yearly  average  of  18  inches.   It  was  assumed 
that  the  irrigation  efficiency  would  be  70  percent  in  view 
of  high  water  costs  and  area  soils.   This  would  result  in 
a  water  need  of  nearly  26  inches  or  2.14  acre-feet  per 
irrigated  acre  per  year.   Adjusting  the  monthly  consumptive 
use  for  precipitation  resulted  in  the  following  average  farm 
diversion  requirements  as  assumed  in  this  study. 


April 

12  percent 

0.26  feet 

May 

14 

0.30 

June 

14 

0.30 

July 

23 

0.49 

August 

22 

0.47 

September 

15 

0.32 

100  percent 

2.14  feet 
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The  water  losses  in  canals,  stream  channels  and  evaporation 
from  reservoirs  were  considered  in  determining  pumping 
requirement  and  in  sizing  pump  capacities,  pipes  and  canals. 
The  annual  amount  of  water  pumped  in  the  systems  studied 
would  be  about  two  to  three  times  the  quantity  made  available 
to  users  from  canals  and  streams.   Local  streamflow  was  not 
considered  although  it  may  reduce  slightly  the  pumping  need. 
A  detailed  feasibility  study  would  need  to  critically  evaluate 
this  assumption  as  it  has  a  major  impact  on  water  costs. 

Recognition  of  Municipal  Water  Needs 

Providing  water  from  Fort  Peck  Reservoir  for  municipal 
use  was  incorporated  into  the  plans  wherever  it  was  physically 
possible.   In  all  instances,  streams  would  be  used  for  con- 
veyance of  the  water  for  a  number  of  miles.   This  would 
undoubtedly  have  an  effect  on  the  ultimate  chemical  quality 
and  turbidity  of  the  water.   The  large  pumps  would  not 
operate  in  the  winter  season,  and  thus  storage  for  municipal 
use  would  be  required.   This  storage  would  probably  be  in  a 
reservoir  for  that  specific  purpose,  but  it  may  be  possible 
to  combine  storage  for  municipal  needs  with  storage  for 
irrigation.   The  storage  reservoirs  would  also  serve  as 
settling  ponds.   Repumping  of  water  would  probably  be 
needed  for  pressure  delivery  to  municipal  users.   Chlorination 
of  the  water  would  be  requirad  and  it  may  be  necessary  to 
provide  additional  treatment  to  reduce  turbidity.   No  estimates 
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of  the  cost  of  providing  facilities  for  municipal  use  of 
the  water  placed  in  stream  channels  is  made  in  this 
preliminary  feasibility  study. 

Recognition  of  Industrial  Water  Needs 

The  coal  resources  as  discussed  in  detail  in  Chapter  IV 
are  indeed  adequate  to  consider  their  development  in  water 
use  plans.   Sale  of  water  to  private  industry  in  relationship 
to  the  coal  development  is  the  aspect  which  was  given 
consideration  in  this  study.   Available  information  on 
strippable  coal  resources  indicates  the  Weldon-Timber  Creek 
field  would  be  attractive  to  private  enterprise  considering 
local  generation  of  electric  power. 

McCone  system  plans  include  an  assumption  of  a  water  use 
of  about  7,200  acre- feet  per  year  for  industrial  purposes. 
This  is  based  on  the  probable  demand  for  a  500  MW  steam, 
electric  power  generation  plant.   Some  of  the  water  re- 
quired for  cooling  might  be  re-used  for  irrigation.   A  plant 
which  would  convert  coal  to  liquid  fuel  and  gas  (MHD) 
is  another  possible  water  user,  if  conversion  costs  become 
competitive  with  natural  oil  and  gas  supplies.   This  could 
possibly  use  eight  to  ten  times  the  quantity  of  water 
assumed  for  the  steam  generation  plant.   The  quantity  of 
water  required  by  these  potential  industrial  uses  is  very 
important  in  comparison  to  planned  irrigation  use,  even 
though  the  total  quantity  required  is  comparatively  less. 
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Recognition  of  Recreation  Water  Needs 

The  relatively  high  cost  of  water  appears  to  place 
serious  limitations  on  the  inclusion  of  specific  recreation 
and  wildlife  features  in  the  plans  of  this  preliminary  survey. 
Some  incidental  or  indrect  benefits  would,  however,  accrue. 
Water  fowl  use  and  perhaps  nesting  places  on  the  reservoirs  is 
visualized.   Maintaining  sufficient  flow  in  certain  streams 
during  the  irrigation  season  may  also  have  some  fishery  and 
related  recreation  benefits.   No  studies  were  made  of  probable 
return  flow  in  these  streams  in  the  non-irrigating  season. 
Winter  releases  from  some  reservoirs  for  fishery  development 
could  possibly  be  arranged  if  the  cost  of  the  water  were 
justified.   The  alternate  plans  included  in  this  preliminary 
survey  are  not  sufficiently  specific  in  terms  of  structures 
required  and  their  location  and  operating  plans  to  plan  in 
detail  the  recreation  use  that  may  result. 

Purpose  and  Basic  Approach  to  Engineering  Systems  Considered 

The  purpose  of  this  preliminary  survey  was  to  recognize 
and  study  plans  that  appear,  on  a  preliminary  basis,  to  offer 
the  greatest  total  water  development  to  the  area  at  the 
least  cost.   Highly  preliminary  alternatives  were  examined 
and  the  more  favorable  of  these  were  studied  in  greater 
detail.   Four  alternative  plans  (Plans  A,  B,  C  arid  D)  were 
studied  and  are  reported  on  for  Garfield  County.   The 
rather  narrow  range  of  costs  per  irrigated  acre  in  the  four 
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plans  for  Garfield  County  illustrates  the  consideration 
given  before  a  possible  alternative  was  tentatively  rejected. 

Two  plans  were  closely  studied  for  McCone  and  adjacent 
areas  of  Dawson  and  Richland  Counties  (Plans  A  and  B) . 
Results  of  extending  these  systems  to  serve  a  larger  area 
were  tested  sufficiently  to  determine  their  effect  on  per 
acre  costs  of  irrigation.   A  limited  discussion  is  presented 
for  alternatives  which  were  briefly  studied  and  dismissed 
in  McCone  County. 

The  topography  of  the  area  made  it  obvious  that  separate 
pumping  diversions  from  Fort  Peck  Reservoir  should  be 
studied  for  Garfield  County  and  the  areas  to  the  east  in 
McCone,  Dawson  and  Richland  Counties.   The  discussion  which 
follows  is  presented  along  these  lines  to  improve  clarity. 
This  method  of  visual  presentation  is  in  no  way  intended 
to  imply  that  the  entire  study  area  should  logically  -be 
divided  in  the  same  way  as  concerns  the  establishment  of 
conservancy  district  boundaries.   This  method  is  used  only 
to  present  the  alternate  irrigation  systems  as  studied. 

Sub-Area  Orientation 

Chapter  III  contains  a  discussion  of  the  methodology 
used  in  subdividing  the  proposed  conservancy  district  study 
area  into  twenty-eight  distinct  parts.   This  includes  10 
sub-areas  within  the  proposed  district  in  McCone  County, 
4  sub-areas  along  the  westerly  edges  of  Dawson  and  Richland 
Counties  and  14  sub-areas  in  Garfield  County.   The  same 
methodology  of  dividing  the  study  area  into  subdivisions 
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has  been  carried  over  into  this  section  concerning  alternate 
irrigation  systems.   Figure  V-10  is  a  map  of  the  four  county 
study  area  giving  the  exact  location  of  each  one  of  these  28 
subdivisions  in  the  study  area. 

Wherever  applicable,  detailed  maps  such  as  the  ones 
presented  in  Chapter  III  are  included  to  show  the  proposed 
alternate  irrigation  systems  for  both  the  McCone  and  Garfield 
County  areas.   The  discussion  of  alternate  systems  is  basical- 
ly divided  into  two  general  categories  as  discussed  above. 
The  first  section  discusses  the  four  systems  (Plans  A,  B, 
C  and  D)  for  Garfield  County,  which  is  comprised  of  the 
fourteen  sub- areas  in  that  county.   Then  two  systems  (Plans 
A  and  B)  are  discussed  for  the  area  including  all  of  McCone, 
Dawson  and  Richland  Counties  as  they  are  contained  in  the 
study  area.   This  means  that  each  of  the  two  general  divisions 
contains  fourteen  sub-areas. 

All  of  the  sub-areas  within  the  study  area  do  not 
contain  alternate  irrigations  systems.   The  sub-areas  in 
Garfield  County,  which  do  in  fact  contain  alternate  irrigation 
systems ,  are  limited  to  four  sub-areas  -  Garfield  County  3 
(G-3) ,  Garfield  County  4  (G-4) ,  Garfield  County  5,  (G-5) 
and  Garfield  County  6  (G-6). 

The  sub-areas  in  McCone,  Dawson  and  Richland  Counties 
which  contain  portions  of  the  proposed  irrigation  systems 
include  eleven  areas  -  McCone  County  regions  1,  2,  3,  4, 
5,  6,  7  and  8  as  well  as  Dawson-Richland  County  areas  1, 
2  and  3. 
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Whenever  there  exists  a  portion  of  the  proposed  irrigation 
system  within  a  given  sub-area,  then  there  are  three  plates 
(detailed  maps)  shown  or  included  in  this  chapter  which  relate 
to  the  irrigation  systems.   These  three  plates  present 
information  as  to:   (1)  the  proposed  alternate  irrigation 
systems  and  the  location  of  potentially  irrigable  land, 
(2)  the  proposed  alternate  irrigation  systems  and  present 
land  ownership,  and  (3)  the  proposed  alternate  irrigation 
systems  and  present  land  use.   These  plates  have  all  been 
number  coded  for  easy  identification.   It  is  important  to 
note  that  in  each  of  the  28  sub-areas  in  Chapter  III  there 
are  plates  which  present  information  as  to  potentially 
irrigable  land  and  present  land  use  in  each  area  and  potential- 
ly irrigable  land  and  land  ownership  as  it  exists  in  each  area. 

An  example  would  be  that  McCone  County  Plate  5.1  shows 
potentially  irrigated  land  and  present  land  use  for  McCone 
County  Area  5  and  Plate  5; 2  shows  the  potentially  irrigated 
land  and  land  ownership  for  the  same  area. 

In  this  chapter  there  are  an  additional  three  plates 
included  for  each  area  which  contain   irrigation  systems. 
For  example,  for  sub-area  McCone  County  5  (M-5) ,  Plate  5  s 3 
always  shows  the  proposed  alternate. irrigation  systems  in 
McCone  County  5  with  the  corresponding  potentially  irrigable 
land.   McCone  County  Plate  5s4  always  shows  the  proposed 
alternate  irrigation  systems  in  area  M-5  with  the  present 
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land  ownership  and  McCone  Plate  5% 5  shows  the  proposed 
irrigation  systems  in  relationship  to  present  land  use. 
It  should,  therefore,  be  clear  that  whenever  a  portion  of 
the  proposed  irrigation  system  exists  in  one  of  the  28  sub- 
areas  ,  that  three  maps  are  contained  in  this  section  of  the 
report  for  that  sub-area.   These  plates  are  numbered  con- 
secutively as  3,  4  and  5  for  that  particular  sub-area. 

Figure  V-ll  is  a  master  key  to  each  set  of  these 
detailed  maps  and  indicates  the  meaning  of  each  symbol  on 
the  map.   A  copy  of  this  key  also  precedes  each  of  the  other 
sections  of  maps  included  in  Chapter  III  and  in  Appendix 
B  of  the  report. 

Chapter  V  of  the  report  is  thus  outlined  in  the  following 
manner.   The  text  material  relative  to  the  alt  rnative 
irrigation  systems  in  the  general  area  of  McCone  County  is 
presented  first.   This,,  is  followed  by  a  set  of  detailed-  maps 
for  Garfield  County  sub-areas  3,  4,  6  and  7  because  those 
areas  contain  portions  of  the  proposed  irrigation  system. 
The  chapter  then  contains  all  of  the  engineering  material 
relative  to  the  two  proposed  alternate  irrigation  systems 
for  McCone,  Dawson  and  Richland  County  areas.   Following 
the  text  discussion  of  these  systems  are  the  detailed  maps 
by  sub-area.   Maps  are  included  for  McCone  County  sub-areas 
1  through  8  and  Dawson-Richland  County  sub-areas  2 ,  3  and 
4  because  each  of  these  areas  contains  a  portion  of  a 
proposed  alternate  irrigation  system. 
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Garfield  County  Plans  A  and  C 

In  its  entirety,  Plan  A  is  the  most  ambitious  of  the 
four  plans  considered  for  Garfield  County.   The  primary 
objective  of  the  system  is  to  irrigate  as  much  land  as 
possible  without  being  completely  unrealistic  as  to  where 
water  is  delivered  in  the  area,   because  of  the  terrain  and 
the  scattered  location  of  the  potentially  irrigable  lands, 
a  conventional  system  of  feeder  canals  and  laterals  would 
be  impractical.   It  seems  more  advantageous  or  logical  to 
use  feeder  canals  riding  the  higher  ridges  and  divert  water 
into  natural  stream  channels  from  these  canals.   The 
individual  farmer  would  then  take  water  from  the  natural 
stream  or  smaller  canals.   Plan  A  would  provide  water  for 
the  irrigation  of  about  21,360  acres. 

Plan  C  is  essentially  the  same  as  Plan  A  except  that  the 
Woody  Creek  irrigation  has  been  eliminated,  with  a  subsequent 
reduction  in  the  cost  resulting.   The  plan  would  serve 
17,650  acres.   The  features  of  Plan  A  are  all  applicable  to 
Plan  C,  except  as  noted  for  Woody  Creek. 

The  first  lift  pumping  station  for  these  plans  is 
tentatively  planned  for  the  Seven  Blackfoot  Creek  inlet  of 
Fort  Peck  Reservoir  in  Section  1  of  Township  21N,  Range  33E. 
This  initial  pump  station  would  be  supported  over  the 
reservoir  at  that  location.   A  second  lift  pumping  station 
would  be  required  about  450  feet  above  the  lake  to  divide  in 
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half  the  total  static  lift  of  900  feet.   A  detention  pond 
capable  of  holding  enough  water  for  an  hour's  operation  of 
the  second  lift  pumps  has  been  included  in  the  plan.   A 
72  inch  pressure  pipeline  of  3.1  miles  would  take  the  water 
from  the  first  lift  station  to  the  second  lift  station  and 
on  up  to  the  beginning  of  the  main  canal  at  the  head  of 
Billy  Creek. 

From  the  head  of  Billy  Creek,  this  main  canal  would 
follow  the  Seven  Blackfoot  -  Snow  Creek  divide  to  the  head 
of  Snow  Creek  where  an  open  cut  or  tunnel  would  be  required 
to  get  the  water  through  the  Smoky  Butte  -  Snow  Creek  divide 
and  into  the  head  of  Smoky  Butte  Creek.   A  20,000  (Plan  A) 
or  15,000  (Plan  C)  acre-foot  storage  reservoir  is  planned 
for  Smoky  Butte  Creek  with  the  top  elevation  at  about  3,000 
feet.   This  reservoir,  with  an  earth  dam  and  wet-well  type 
outlet  control  would  serve  as  the  primary  regulating 
reservoir  of  Plan  A  and  the  only  regulating  reservoir  of 
Plan  C. 

The  outlet  works  from  this  reservoir  would  discharge 
into  a  diversion  headworks  that  would  distribute  water  into 
three  main  conduits.   The  first  of  these  is  a  canal  with  a 
generally  south  direction  serving  Lone  Tree  Creek  and 
carrying  water  as  far  as  Steve's  Fork.   The  second  main 
diversion  would  be  into  Smoky  Butte  Creek  to  serve  the 
Smoky  Butte  Creek  and  Big  Dry  Creek  bottom  lands.   The 
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third  diversion  is  into  the  East  Canal  which  meanders  around 
various  smaller  ridges  just  below  the  main  divide  between 
the  Big  Dry  and  the  Hell  Creek  drainages.   This  canal 
delivers  water  into  Vail  and  Frazier  Creeks  and  supplies 
water  to  Jordan  via  a  smaller  storage  reservoir  on  Vail  Creek. 
Under  Plan  A,  the  East  Canal  would  terminate  in  a  6,000 
acre-feet  storage  reservoir  on  Wolf  Creek  at  an  elevation 
of  approximately  2,800  feet.   This  reservoir  would  serve 
as  the  source  for  a  re-pump  station  to  pump  water  into  the 
Woody  Creek  area  as  well  as  supplying  water  to  Wolf  Creek. 
Under  Plan  C,  the  East  Canal  would  simply  drop  or  flow  into 
Wolf  Creek. 

Details  on  acreage  served,  pumping  plant  data,  canal 
sizes  and  lengths,  stream  channel  use  and  total  volume  pumped 
per  year  are  listed  in  Table  V-D.   Reference  to  the  sub-area 
key  map  and  the  more  detailed  map  sets  of  Plates  3,  4  and 
5  is  suggested.   These  maps  appear  at  the  end  of  the  section 
relating  to  Garfield  County  Plans. 

Garfield  County  Plan  B 

Another  engineering  study  in  Garfield  County  focused 
upon  serving  the  Woody  Creek  area  and  the  lower  portion  of 
the  Big  Dry  Creek  bottom  land.   The  plan  would  serve  about 
9,770  acres. 

The  first  lift  pumping  plant  for  this  system  is  located 
in  the  Hell  Creek  Area  of  Fort  Peck  Reservoir  in  Section  29 
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of  Township  22N,  Range  38E.   Two  150  cfs  pumps,  one  a 
standby,  would  have  to  be  supported  over  the  reservoir  in 
an  intake  structure.   Sixty-inch  pressure  pipe  would  be 
required  to  lift  the  water  to  the  second  lift  station  300 
feet  higher  at  elevation  2,500.   A  small  detention  pond 
would  be  required  to  insure  continuous  flow  of  water  into  the 
second  lift  and  to  protect  the  second-lift  pumps.   A  total 
of  6.5  miles  of  pressure  pipe  would  be  required  to  get  water 
from  Fort  Peck  Reservoir  to  the  first  point  of  diversion 
or  use. 

At  the  end  of  the  pressure  pipe,  located  on  the  flats 
at  the  head  of  the  iMorth  Fork  of  Woody  Creek,  the  water 
would  pass  through  a  transition  structure  -  diversion  head- 
works  combination.   This  first  diversion  would  be  into  a 
long  southerly  canal  which  would  serve  the  South  Fork  of 
Woody  Creek,  lower  Frazier  Creek,  and  the  lower  end  of  the 
Big  Dry.   Water  let  past  this  first  headworks  would  go  into 
a  chute  or  well-protected  natural  stream  channel  to  a 
second  diversion  structure  about  a  mile  downstream.   This 
structure  would  divert  some  water  into  an  East  Canal  about 
20  miles  long  which  would  serve  the  Pass  Creek  area.   The 
rest  of  the  water  would  be  allowed  to  go  into  Woody  Creek 
and  irrigate  the  bottom  lands  along  Woody  Creek. 

Municipal  water  for  Jordan  was  not  considered  under 
this  plan  because  of  the  obviously  high  cost  of  additional 
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pumping  and  pipeline  required. 

Again,  pertinent  design  data  for  the  Garfield  County 
Plan  B  system  is  given  in  Table  V-D  and  detail  is  shown 
on  the  maps  which  follow  the  text  relative  to  all  Garfield 
Plans. 

Garfield  County  Plan  D 

A  low- lift  pumping  system  providing  for  water  to  be 
taken  out  of  the  Big  Dry  Arm  of  Fort  Peck  Reservoir  was 
suggested  at  the  October  1,  1970,  meeting  in  Circle.   Plan 
D  is  the  result  of  a  study  of  this  alternative.   It  would 
serve  about  4,570  acres  at  the  lowest  estimated  per  acre 
cost  of  the  four  plans  discussed. 

The  Fort  Peck  Reservoir  pumping  plant  is  located  in 
Section  6,  Township  20N,  Range  43E  and  consists  of  two  59 
cfs  pumps  supported  on  an  intake  structure.   Only  one 
300  ft*  (static  head)  lift  is  required  for  this  system, 
with  four  miles  of  42  inch  pressure  pipe.   The  pipe  dis- 
charges into  a  canal  at  about  the  middle  of  T20N,  R42E, 
which  then  serves  the  lower  portion  of  Woody  Creek  and 
meanders  around  ridges  to  Big  Dry  Creek  at  the  R41E  -  R42E 
township  line.   No  regulating  reservoirs  are  proposed. 

There  is  no  possibility  to  provide  a  water  supply  for 
Jordan  with  this  system. 

Pertinent  design  information  is  given  in  Table  V-D. 
The  location  of  the  systems  and  the  corresponding  areas 
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served  are  indicated  for  each  sub-area  on  Garfield  Plates 
3,  4  and  5  which  follow. 

TABLE  V-D 
GARFIELD  IRRIGATION  SYSTEMS  DATA  SUMMARY 


Item  Description 

Plan  A     Plan  B     Plan  C     Plan  D 

Potential  Acreage 
Served 

21,360      9,770       17,650       4,570 

Port  Peck  Reservoir 
Pumping  Plant 
Location 

7-Blackfoot  Hell  Creek  7-Blackfoot  Big  Dry 
Creek  Inlet  Sec29,T22N  Creek  Inlet  Sec.  6, 
Sec.l,T21N   R38E       Sec.l,T21N   T20N,R43E 
R33E                   R33E 

Cfs, total 

277 

150 

220 

59 

Lifts 

3 

2 

2 

1 

Operating 

Pumps 

5 

2 

4 

1 

PUMPING 

Standby 

PLANT 

Pumps 

3 

2 

2 

1 

INFORMA- 

Total hp   39 

,320 

15,300 

30,400 

3,390 

TION 

Kwh/yr 

(millions) 

139 

77 

108 

9 

Static  head 

900* 

(total) 

160 

600 

900 

300 

Dynamic  head 

980* 

(total) 

175 

720 

950 

380 

Pressure  pipe 

3.1* 

length  (mi.) 

1.5 

6.5 

3.1 

4.0 

Pressure  pipe 

72* 

size  (in.) 

42 

60 

72 

42 

Access  roads 

(miles) 

26 

14 

22 

minimal 

200-300  cfs  13 

CANAL      100-200  cfs  40 

LENGTHS     50-100  cfs  51 

(miles)     0-50  cfs  57 


0 

1 

80 

35 


13 

0 

61 

49 


0 

0 

15 

40 


Stream  Channel  Used 

(miles) 210        64 

*"   1st  number  refers  to  main  lifts 


180 


30 


2nd  number  refers  to  Woody  Creek  Repump  Station 
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TABLE  V-D  (continued) 


ITEM  DESCRIPTION 

Plan  A 

Plan  B 

Plan  C 

Plan  D 

Fencing  miles 

322 

230 

246 

110 

Canal  &  Pipeline 
R/W  (miles) 

164 

122 

126 

60 

Jordan  Water  Supply 

yes 

no 

yes 

no 

Total  Acre-Feet 
Pumped  Per  Year 

109,270 

41,530 

86,340 

16,450 

Estimated  (acre-feet) 
Comsumptive  Use 

33,240 

14,660 

27,390 

6,860 

Reservoirs 


a)  25  A. Ft. 
detention 
pond  be- 
tween lifts  \ 


a)  20  A. Ft. 
none    detention 
pond  be- 
tween lifts 


none 


b)  20,000  A. Ft, 
on  Smoky  Butte 
Creek 


b)  20,000  A. Ft. 
on  Smoky  Butte 
Creek 


c)  6,000  A. Ft. 
on  Wolf  Creek 


c)  20  A. Ft. 
storage 
reservoir  on 
Vail  Creek  for 
Jordan  W.S. 


d)  20  A. Ft. 
storage  reser- 
voir on  Vail 
Creek  for  Jordan 
W.S. 
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McCone  County  Plan  A 

This  system  corresponds  with  the  thinking  of  many  persons 
in  the  Redwater  River  drainage  in  that  its  primary  objectives 
are  to  bring  water  to  Circle  and  supply  irrigation  water 
along  the  Redwater  River  bottom  land.   It  accomplishes 
more  in  terms  of  irrigation  than  just  along  the  Redwater 
River  in  that  it  supplies  water  for  most  of  the  creek  channels 
on  the  west  side  of  the  drainage  between  Horse  Creek  and 
Cow  Creek.   The  water  delivered  into  these  Redwater  trib- 
utaries serves  additional  land  with  the  excess  flowing  into  the 
Redwater  River. 

With  the  pumping  locations  selected, the  initial  lift 
would  suffice  to  serve  the  Prairie  Elk  Creek  drainage.   A 
r;.inimum  water  supply  of  600  acre-feet  per  month  for  a  coal- 
steam  electrical  generating  plant  in  the  Weldon  vicinity 
was  also  incorporated  into  the  plan.   This  is  particularly 
important  in  view  of  the  large  quantity  of  electric  power 
needed  for  the  irrigation  pumping  and  the  reported,  present 
unavailability  of  the  power  needed.   The  plan  would  provide 
irrigation  water  for  36,800  acres. 

The  system  under  McCone  County  Plan  A  begins  with  a 
pumping  plant  on  Fort  Peck  Reservoir  in  Section  21  in  T21N, 
R43E.   The  initial  pumping  plant  would  have  to  be  supported 
over  the  lake  because  of  the  range  in  reservoir  elevation 
and  the  positive  suction  head  required  for  high-lift  pumping. 
Manufacturers  of  pumping  equipment  have  estimated  that  the 


• 
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cost  would  be  about  the  same  even  if  the  static  lift  of 
about  325  feet  were  divided  into  two  parts. 

The  initial  pump  capacity  would  be  about  400  cubic  feet 
per  second,  (cfs)  or  about  800  acre-feet  per  day.   An  84 
inch  pressure  pipe  line  of  about  10,000  feet  would  carry 
the  water  to  a  ridge  between  Nelson  Creek  and  McGuire 
Creek.   A  canal  of  400  cfs  capacity  and  about  6.4  miles 
in  length  would  deliver  the  water  to  a  reservoir  having  an 
approximate  capacity  of  about  30,000  acre-feet.   This 
reservoir,  which  would  have  to  be  constructed,  would  in  part 
occupy  a  dry  lake  bed  covering  presently  cultivated  land. 
A  canal  of  500  cfs  capacity  and  8.7  miles  long  would  bring 
the  water  to  a  ponding  area  on  a  McGuire  Creek  tributary 
for  relift  over  the  drainage  divide  near  the  head  of  Horse 
Creek.   A  canal  of  about  120  cfs  capacity  and  5.5  miles 
long  would  begin  near  the  ponding  area  and  serve  the  Prairie 
Elk  -  McGuire  irrigation  and  perhaps  be  used  for  the  electric 
generation  plant  which  has  been  considered.   The  relift 
toward  Horse  Creek  Divide  would  be  about  320  feet  exclusive 
of  the  friction  loss  of  about  65  feet.   The  84  inch  pipe  line 
of  about  3.5  miles  would  have  a  capacity  of  400  cfs.   The 
water  released  to  Horse  Creek  would  pass  through  a  chute 
spillway.   Additional  drops  would  be  planned  in  the  next 
few  miles  to  avoid  erosion.   Lands  along  Horse  Creek  and 
downstream  Redwater  River  would  be  served  by  this  release. 


-57- 
Storage  of  10,000  acre-feet,  preferably  in  the  Horse  Creek 
basin,  would  assist  in  supplying  peak  monthly  use.   About 
16  miles  of  canal  with  a  peak  capacity  of  300  cfs  would 
bring  water  to  the  heads  of  Lost  Creek  and  Cow  Creek  from  the 
end  of  the  relift  pipe  line.   A  branch  canal  approximately 
5  miles  in  length  would  bring  water  to  the  heads  of  Buffalo 
Creek  and  Duck  Creek.   The  water  released  to  Cow  Creek, 
Buffalo  Creek  and  Duck  Creek  would  also  serve  the  Redwater 
Valley  below  the  mouths  of  these  creeks.   Storage  of  10,000 
more  acre- feet  somewhere  in  these  creek  basins  is  also 
planned. 

Some  of  the  water  released  through  Horse  Creek  would  be 
rediverted  near  Circle  into  a  canal  about  30  miles  long 
on  the  southeasterly  side  of  the  Redwater  River.   Its 
principal  coverage  would  be  about  11,000  acres  in  Townships 
2 IN  and  22N,  R50E.   This  canal,  which  should  have  a  peak 
capacity  of  about  200  cfs,  would  end  at  Sullivan  Creek. 

The  construction  cost  for  McCone  Plan  A  is  estimated 
at  $12,500,000.   The  principal  physical  features  of  the 
plan  are  given  in  Table  V-E. 
McCone  County  Plan  B 

Plan  B  is  a  modification  of  Plan  A  and  extends  the  north- 
east canal  of  Plan  A  to  the  headwater  areas  of  Wolf  Creek, 
Sheep  Creek  and  Nickwall  Creek  or  about  106  additional  canal 
miles.   The  extension  would  serve  about  16,000  acres,  primarily 
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through  delivery  into  the  above  stream  channels.   The  pumping 
equipment,  pipe  and  canal  sizes  back  to  the  Nelson  Creek 
pumping  plant  would  be  larger  under  Plan  B  to  accommodate 
the  higher  water  demand.   Without  selecting  any  particular 
site,  it  was  assumed  that  10,000  additional  acre-feet  of 
storage  could  be  developed.   The  general  plan  is  sufficiently 
flexible  to  make  storage  suitable  on  any  of  the  streams  used 
other  than  Prairie  Elk  Creek  or  Sand  Creek.   Annual  industrial 
use  of  7,200  acre- feet  for  electric  power  generation,  and 
municipal  water  for  Circle  would  be  provided  as  in  Plan  A. 

The  construction  cost  for  McCone  County  Plan  A  is 
estimated  at  $19,000,000.   The  principal  features  of  the 
system  are  listed  in  Table  V-E  which  follows. 


TABLE  V-E 
MCCONE  IRRIGATION  SYSTEMS  DATA  SUMMARY 


ITEM  DESCRIPTION 


Plan  A 


Plan  B 


Potential  Acreage  Served 


36,800 


52,800 


Location  of  Pumping  Plant 


Nelson  Creek  Arm 
Sec. 21,  T21N,  R43E 


PUMP  cfs, total 

DATA  Lifts 

Operating  Pumps 
Standby  Pumps 
Total  Operating  H.P. 
KWH  per  Year  (millions) 
Total  Static  Head 
Total  Dynamic  Head 
Pressure  Pipe  Size 
Pressure  Pipe,  Miles 
Access  Road,  Miles 


400 

540 

2 

2 

6 

8 

2 

2 

42,000 

58,000 

139,000 

205 

640 

640 

740 

746 

84" 

90" 

5.4 

5.4 

3.0 

3.0 

15 

31 

- 

16 

25 

59 

10 

18 

20 

44 

400  -  640 

cfs 

300  -  400 

Canals  200  -  300 

100  -  200 

50  -  100 

Stream 

Channels    Miles 

160 

260 

Fencing     Miles 
R/W  Miles  of  Right-of-way 

140 
75 

175 

Municipal   Circle 

a)  Yes 

a)  Yes 

Reservoirs  Capacity  in  Acre-Feet 

50,000 

60,000 

Industrial  Electric  Power 

b)  Yes 

b)  Yes 

Pump- 
age     Average  A. Ft.  per  Year 
Usage   Consumptive  Crop  Use 

168,800 
55,100 

230,000 
79,000 

a)  Water  delivery  into  Horse  Creek 

b)  500,000  to  I  plant  using  7,200  a. ft, 


per  year 
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McCone  County  Plans  Dismissed 

Considerable  thought  was  given  by  the  engineering 
research  staff,  to  other  alternatives  which  were  dismissed 
because  of  the  relatively  high  cost  of  providing  irrigation 
water.   Two  of  these  plans  involved  canals  to  increase  the 
irrigable  area  served  under  Plan  A  in  McCone  County.  One 
of  the  alternatives  required  about  50  additional  miles  of 
gravity  canal  from  the  end  of  the  pressure  pipe  at  the 
Horse  Creek  divide  to  reach  the  Redwater  Creek  valley  at 
Brockway.   About  2,500  more  acres  would  have  been  within 
reach  of  this  extension.   The  cost  of  canal  construction, 
the  canal  losses  and  increased  costs  of  the  basic  plan  made 
it  obvious  that  the  additional  acreage  would  substantially 
raise  the  cost  of  the  basic  plan. 

Another  trial  involved  increasing  the  size  of  the  canal 
which  would  divert  from  the  Redwater  River  near  Circle  under 
either  Plans  A  and  B.   Instead  of  ending  at  Sullivan  Creek, 
a  relift  of  about  140  feet  together  with  50  additional 
miles  of  canal  would  bring  the  water  to  most  of  the  Pasture 
Creek  basin  lying  north  of  the  Circle  -  Richey  road  in 
Dawson  County.   The  land  served  by  this  extension  would 
have  been  about  7,500  acres.   The  canal  would  have  come 
within  two  and  one  half  miles  of  Richey.   A  further  lift 
of  about  100  feet,  non-irrigation  season  storage  and  two  and 
one  half  miles  of  pipeline  would  have  been  necessary  to 
serve  Richey.   The  construction  cost  of  the  additional 
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system  and  the  enlargement  of  upstream  works  was  approximated 
at  $3,000,000  or  about  $400  per  additional  acre.   This  is 
about  $50  more  per  acre  than  in  McCone  Plans  A  and  B.   The 
additional  pumping  at  Sullivan  Creek  would  cost  about  $2 
per  acre  per  year  at  a  3  mill  rate  per  kwh.   Although  this 
preliminary  appraisal  indicates  a  higher  per  acre  cost, 
more  detailed  study  would  be  justified  when  more  detailed 
maps  are  available.   Field  reconnaissance  pointed  to 
unusually  rough  terrain  along  Sullivan  Creek  and  parts  of 
Pasture  Creek,  indicating  above  average  canal  and  structure 
costs.   No  additional  water  in  use  in  coal  development  was 
considered.   The  cost  of  bringing  water  from  the  extension 
canal  for  municipal  use  at  Richey  appeared  to  be  unjustifiable. 


E.   FORT  PECK  RESERVOIR  PUMPING  PLANS  -  COSTS 
General  Cost  Criteria 

For  a  preliminary  feasibility  study  of  this  nature,  cost 
estimates  are  approximate  for  two  principal  reasons .   The 
first  is  that  the  lack  of  adequate  topographic  maps  makes 
estimates  of  canal  lengths,  reservoir  capacities,  dam  heights 
and  other  physical  details  difficult  and  subject  to  revision 
with  the  development  of  better  maps.   The  second  reason  is 
that  cost  criteria  used  for  the  estimates  can  be,  at  this 
stage,  only  approximate.   For  the  pump  capacities  and  operating 
heads  envisioned,  costs  are  diffucult  to  predict.   Transporta- 
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tion  costs  and  a  lack  of  good  native  construction  materials 
contribute  to  the  uncertainty  of  assigning  costs  to  various 
items.   Brief  discussions  of  the  assigned  costs  follow: 
Pumping  Stations 

Lump  sum  estimates  based  on  general  experience  were 
used  as  cost  estimates  because  of  difficulties  in  estimating 
foundation  requirements,  structural  system  types  and  sizes, 
and  other  design  features,  of  the  proposed  pumping  stations . 
These  estimates  vary  with  the  number  and  size  of  the  pumps 
being  used.  Also,  it  is  assumed  that  second- lift  or  re-pump 
stations  on  land  will  be  considerably  cheaper  than  those 
stations  which  will  be  at  the  lake  side  or  supported  over 
the  lake. 
Pump  Costs 

Pump,  pump  installation,  and  pump  control  costs  used  are 
subject  to  considerable  variation  because  of  a  reluctance 
of  manufacturers  to  devote  much  effort  to  providing  precise 
cost  data.   Two  general  pumping  concepts  were  considered. 
The  first  of  these  is  to  use  a  few  custom-built  high 
capacity  -  high  lift  pumps.   Information  received  from  one 
manufacturer  would  give  a  cost  of  $650,000  for  a  200  cfs 
pump  with  a  total  design  head  of  360  feet.   A  135  cfs  pump 
for  the  same  design  head  would  cost  $42  3,000.   These  cost 
estimates  are  for  the  delivered  pump,  but  do  not  include 
installation.   The  alternate  method,  is  to  use  several 
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smaller  more  standardized  pump  units  to  attain  the  desired 
capacity.   Recent  information  acquired  from  another  man- 
ufacturer indicates  the  factory  prices  may  range  from  $38,000 
for  a  42  cfs  pump  operating  at  a  total  design  head  of  300 
feet  to  $51,000  for  a  30  cfs  pump  operating  at  480  feet 
total  design  head.  Some  interpolation  and  judgment  was 
needed  to  arrive  at  costs  for  each  individual  pumping  site. 
About  10  percent  of  the  base  price  was  added  to  the  plant 
or  site  costs  to  account  for  transportation  and  installation. 
Examination  of  low-head  pumps  for  the  initial  lift  from 
Fort  Peck  Reservoir  resulted  in  the  conclusion  that  a  minor 
saving  would  likely  result  from  such  implementation  in  some 
of  the  plans.   The  price  differential  appeared  to  be  too 
small  to  warrant  further  consideration  in  this  preliminary 
survey. 
Pressure  Pipe 

Concrete  lined  steel  pressure  pipe  would  be  used  for  all 
pumping  lifts  and  for  outlet  conduit  from  reservoirs. 
Installed  costs  of  $32/foot  for  42  inch  pipe,  $65/ foot  for 
60  inch  pipe,  $75/foot  for  72  inch  pipe,  $85/foot  for  84 
inch  pipe  and  $100/foot  for  90  inch  pipe  were  used  for 
estimates.   These  prices  were  based  on  information  of  suppliers 
and  downward  scaling  of  bid  prices  for  smaller  quantities, 
as  well  as  averaging  the  pressure  requirements.   The  trans- 
portation of  large  diameter  pipe  is  costly,  therefore,  the 
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quantity  of  pipe  required  may  justify  a  temporary  manufactur- 
ing or  assembly  plant  near  the  actual  job  site. 
Canal  Excavation 

Canal  excavation  costs  were  estimated  on  the  basis  of 
Figure  V-12  (a) .   Canal  sections  were  selected  from  the 
Bureau  of  Reclamation's  Design  Manual  #3  concerning  tabulation 
of  recommended  canal  sizes  and  shapes  (Figure  3A  -  Chapter  I) . 
Earthwork  quantities  for  various  capacities  were  then  computed 
using  the  assumptions  shown  in  Figure  V-12.   A  cost  of  $.35 
per  cubic  yard  was  used  for  the  cost  estimates.   Figure  V-12 
(b)  shows  the  canal  losses  used  in  the  analyses.   These 
were  computed  from  the  U.S.  Bureau  of  Reclamation  formula 
S  •  o.2G/Q/V.   The  average  "C"  factor  of  0.5  used  for  loss 
estimates  would  be  applicable  to  soil  textures  about  midway 
between  clayey  loam  and  sandy  loam.   Losses  in  stream 
channels  were  considered  to  generally  be  the  same  as  for 
canals  of  equivalent  flow.   Canal  lining  was  not  considered 
in  cost  estimates  on  the  assumption  that  lower  pumping  costs 
would  about  balance  the  cost  of  a  membrane  lining  in  porous 
soils. 
Canal  Structures 

It  is  anticipated  that  on  each  canal  there  will  be 
structures  ranging  from  flumes  and  tunnels  down  to  pumping 
checks.   On  the  large  277  cfs  canals  for  Garfield  County 
Plans  A  and  C,  topographic  features  and  slope  limitations 
may  require  the  use  of  a  considerable  length  of  flumes  or 
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tunnels.   These  have  been  estimated  at  $30,000  per  mile. 
At  least  some  other  smaller  structures  such  as  bridges , 
stock  underpasses,  local  drainage  underpasses,  wasteways 
or  checks  may  well  be  required  in  each  mile.   A  cost  of 
$4,000  per  mile  has  been  assigned  to  these  items  for  all 
sizes  of  canals.   Separate  lump  sum  estimates  were  made  for 
canal  diversions  to  stream  channels,  chutes,  drops  and 
other  structures. 
Stream  Protection  and  Structures 

An  average  cost  of  $2,000  per  mile  was  used  for  erosion 
control  structures,  fords  and  bridges  on  streams  where  in- 
creased flows  were  considered  to  seriously  affect  channel 
stability  or  create  crossing  problems. 
Reservoirs 

The  cost  estimates  for  reservoirs  include  all  earthwork, 
riprap,  spillways,  intake  structures,  outlet  works  and 
diversion  structures.   Earthwork  was  estimated  at  $1.00  per 
cubic  yard;  rock  riprap,  at  $10  per  cubic  yard,  and  concrete 
or  $150  per  cubic  yard.   Reservoir  locations  tentatively 
selected  or  assumed  to  be  available  would  have  fairly  small 
natural  drainage  areas  to  minimize  spillway  costs. 
Fencing  and  Right  of  Way 

The  depth  of  water  at  capacity  flow  in  most  canals 
indicated  fencing  both  sides  should  be  considered.   In  view 
of  the  large  quantities  involved  a  price  of  25C  per  lineal 
foot  or  $2,600  per  mile  was  used.   Right  of  way  costs  were 
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averaged  at  $2,400  per  mile  for  canals,  $600  per  mile  for 
pipelines  and  $300  per  acre  for  reservoirs  which  would 
probably  occupy  areas  possessing  satisfactory  soil 
conditions. 
Access  Roads 

Roads  needed  in  the  vicinity  of  Fort  Peck  Reservoir 
were  estimated  at  $20,000  per  mile  and  $15,000  per  mile 
in  other  areas. 
Municipal  Water  Supply  Systems 

An  approximate  cost  of  supplying  water  to  Jordan  was 
incorporated  in  Plans  A  and  C  for  Garfield  County.   Plans 
A  and  B  for  McCone  were  based  upon  putting  water  into 
Horse  Creek  for  Circle.   The  additional  facilities  of 
additional  storage,  pumping  and  pipelines  were  not  con- 
sidered as  any  estimate  based  upon  present  information  may 
be  more  misleading  than  helpful.   It  was  not  considered 
feasible  to  bring  Fort  Peck  Reservoir  water  to  Richey. 
The  revenue  for  municipal  water  used  by  Jordan  or  Circle 
would  not  be  large  enough  to  justify  further  consideration 
in  this  preliminary  study. 
Operation  and  Maintenance 

It  was  assumed  that  the  annual  cost  of  parts  and  repair 
to  the  pumps  and  the  pumphouse  structure  on  Fort  Peck 
Reservoir  would  be  2.5  percent  of  the  initial  construction 
cost.   Labor  for  operating  the  entire  system,  including 
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water  regulation  and  collection  of  water  revenue ,  was 
translated  into  man-years  at  $8,000  per  man  year.   Annual 
prorated  costs  for  vehicles,  construction  equipment  and 
materials  were  also  assigned. 
Pumping  Power 

Although  this  is  essentially  an  operation  and  maintenance 
(O  and  M)  cost,  separate  discussion  of  power  costs  is 
warranted  because  of  its  major  effect  upon  the  annual  cost 
of  operation.   Public  electrical  power  in  the  Missouri 
River  Basin  is  now  committed  to  the  extent  of  usual  avail- 
ability according  to  an  official  of  the  U.S.  Bureau  of 
Reclamation.   The  same  source  stated  that  public  electrical 
power  has  been  made  available  to  pumping  projects  of  the 
U.S.  Bureau  of  Reclamation  at  2  1/2  mills  per  kilowatt  hour. 
The  electric  power  costs  for  the  plans  of  this  study  were 
based  upon  a  3  mill  per  kilowatt  hour  rate.   This  could  be 
a  very  optimistic  rate.   A  kilowatt  hour  rate  of  4  mills 
would  increase  the  estimated  annual  operating  costs  of  McCone 
Plans  A  and  B  nearly  $3  per  irrigated  acre.   Due  to  higher 
lifts,  a  4  mill  rate  would  have  a  greater  effect  on  cost 
incurred  in  Garfield  Plans  A,  B  and  C.   It  is  beyond  the 
scope  of  this  study  to  determine  the  cost  of  electrical 
power  since  there  are  apparently  no  existing  facilities  to 
supply  the  quantity  of  power  required.   Generation  of  power 
through  strip  mining  in  the  study  area  may  be  the  answer  to 
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low  cost  power  for  the  plans  presented.   No  allowance  was 
made  in  the  construction  cost  estimates  for  transmission 
lines  to  serve  the  pumping  plants,  as  the  power  source 
cannot  be  determined.   A  high  voltage  transmission  line 
was  noted  in  the  vicinity  of  Weldon. 
Annual  Costs 

The  annual  cost  estimates  given  are  the  composite  of 
five  main  items:   (1)  retirement  of  initial  construction  cost 
in  a  40  year  period  at  5  1/2%  interest;  (2)  annual  electrical 
power  cost;  (3)  pump  repair  and  maintenance;  (4)  annual 
labor  requirements;  and  (5)  equipment  use,  canal  and  stream 
maintenance  and  accounting.   A  variation  in  interest  rate 
or  length  of  repayment  period,  it  should  be  noted,  would 
have  considerable  effect.   The  charge  for  electricity  is 
another  variable  of  major  significance.   There  has  been  no 
allowance  made  for  interest  cost  during  construction  or 
the  time  lag  which  would  exist  between  completion  of  project 
construction  and  full  utilization  of  the  construction. 
Comments 

The  estimated  costs  of  construction  and  operating  costs 
presented  in  this  chapter  are  based  upon  water  delivery  in 
streams  or  main  canals.   Additional  pumping  or  diversion 
from  the  streams  or  canals  will  be  required  for  actual  use. 
The  lack  of  good  maps  made  it  difficult  to  decide  which  of 
the  lands  that  were  classified  as  potentially  irrigable 


-68- 

should  be  considered  within  reach  of  the  planned  alternate 
irrigation  systems.   Any  material  difference  in  acreage  served 
will  affect  the  estimated  construction  and  operating  costs. 
It  must  be  recognized  that  this  is  a  preliminary  survey 
report  and  cost  data  which  follow  could,  upon  further  analysis 
vary  considerably.   However,  the  data  presented  should 
definitely  be  adequate  to  form  reliable  judgements  as  to 
the  desirability  of  detailed  studies  of  certain  works  and 
the  dismissal  of  of  those  works  where  costs  are  prohibitive 
or  where  public  interest  is  currently  lacking. 

Alternate  costs  per  acre  under  the  assumption  that  water 
could  be  sold  to  industrial  users,  such  as  a  steam-electric 
power  generation  plant,  were  not  considered  in  detail  for 
Garfield  system  because  of  the  area's  relatively  low  potential 
for  coal  development.   Such  detail  is,  however,  presented 
in  the  following  section  for  the  McCone  system. 


(1)  GARFIELD  COUNTY  PLAN  A 
CONSTRUCTION  COST  SUMMARY 


1.  Pumping  Stations  and  Pipe  to  Lift  Over  Divide  $5,939,000 

2.  13.5  Miles  2  80  cfs  Canal  to  Smoky  Butte  Reservoir  348,000 

3.  Smoky  Butte  Reservoir  and  Outlet  Works  3,205,000 

4.  South  Canal  607,000 

5.  Smoky  Butte  Creek  Diversion  -  92  miles  of  stream  184,000 

6.  East  Canal  to  Wolf  Creek  Reservoir  1,111,000 

7.  Jordan  Water  Supply  125,000 

8.  Wolf  Creek  Storage  Reservoir  &  Outlet  Works  1,426,000 

9.  Pumping  Station  &  Pipe  to  Lift  into  Woody  Creek  537,000 

10.  Woody  Creek  Canal  System  492,000 

BASE  COST  $13,974,000 

Surveys,  Engineering,  Contingencies,  and 

Construction  Supervision  @  20%  2  ,795,000 

TOTAL  $16,769,000 


(2)  GARFIELD  COUNTY  PLAN  B 
CONSTRUCTION  COST  SUMMARY 


1.  Piamping  Stations  and  Pipe  to  Lift  Over  Divide  $5,172,000 

2.  Transition  and  Diversion  Structures  92,000 

3.  Woody  Creek  Diversion  -  30  miles  of  stream  60,000 

4.  West  Canal  253,000 

5.  Southwest  Canal  1,378,000 

6.  Big  Dry  Use  -  34  miles  68,000 

BASE  COST  $7,32  3,000 
Surveys,  Engineering,  Contingencies  and 

Construction  Supervision  @  20%  1,465,000 

TOTAL  $8,783,00U 


(3)  GARFIELD  COUNTY  PLAN  C 
CONSTRUCTION  COST  SUMIiARY 


1.  Plumping  Stations  and  Pipe  to  Lift  Over  Divide  $4,997,000 

2.  13.5  Miles  220  cfs  Canal  to  Smoky  Butte  Reservoir   32  7,000 

3.  Smoky  Butte  Reservoir  and  Outlet  Works  2,754,000 

4.  South  Canal  607,000 

5.  Smoky  Butte  Diversion  -  92  miles  of  stream  184,000 
6o  East  Canal  1,191,000 

BASE  COST  $10,060,000 


Surveys,  Engineering,  Contingencies  and 
Construction  Supervision  (§20%  2,012,000 

TOTAL        $12,072,000 


(4)  GARFIELD  COUNTY  PLAN  D 
CONSTRUCTION  COST  SUMMARY 


1.  Pumping  Stations  and  Pipe  to  Lift  to  Canal  $1,216,000 

2.  Transition  and  Diversion  Structures  40 , 000 

3.  15  miles  -  59  cfs  Canal  204,000 

4.  40  miles  34  cfs  Canal  528,000 

5.  30  miles  Stream  Use  -  Uoody  Creek  &  Big  Dry  60,000 

BASE  COST  $2,048,000 

Surveys,  Engineering,  Contingencies  and 

Construction  Supervision  @  2C%  410,000 

TOTAL  $2,45  8,000 


TABLL  V-F 

(5)  GARFIELD  IRRIGATION  SYSTEM 
SUMMARY  AND  ANNUAL  COST  BY  PLAN 


ITEM  DESCRIPTION 


PLAN 
A 


PLAN 
B 


PLAN 
C 


PLAim 
D 


Acreage  Served 


21,360 


9,770 


17,650 


Annual  Pumping 
Power  Cost  @  3  mills 

Annual  Pump 
Maintenance  Cost 

Annual  Labor  Cost 

Equipment  Prorate , 
Canal  &  Stream 
Maintenance,  Office 


1,045,000 

416,000 

97,000 
40,000 


547,000 

232,000 

57,000 
32,000 


45,000       25,000 


754,000 

324,000 

74,000 
32,000 

35,000 


4,570 


Total  Construction 

Cost  16,769,000    8,783,000    12,072,000    2,458,000 

Retirement  of 
Construction  Cost 
in  40  years 
@  5  1/2%  interest 


153,000 

27,000 

14,000 
16,000 

20,000 


TOTAL 

Annual 

Cost 


Full  User 

Financing   1,643,000 


50%  User 

Financing   1,121,000 


893,000     1,219,000      230,000 


620,000 


842,000      154,000 


COST 

PER 

ACRE 


Full  User 
Financing 

50%  User 
Financing 


$77 


$91 


$63 


$69 


$48 


$50 


,34 


*   Assumes  no  water  sale  for  power  generation. 


(1)  McCOWE  COUNTY  PLAN  A 
CONSTRUCTION  COST  SUMMARY 


1.  Pumping  Plant  and  First  Lift  $  2,580,000 

2.  6.4  miles  400  cfs  canal  to  Romine  Reser  129,000 

3.  Romine  Reservoir  1,040,000 

4.  8.7  miles  500  cfs  canal  to  McGuire  Relift  200,000 

5.  5.5  miles  120  cfs  canal  to  Weldon-Prairie  Elk  78,000 

6.  McGuire  Regulating  Reservoir  85,000 

7.  McGuire  Relift  Pumping  3,450,000 

8.  21  miles  N.E.  Canal  572,000 

9.  Reservoirs  in  Cow  Cr. ,  Duck  Cr.  or  vicinity  750,000 
10.  Horse  Creek  Conveyance  and  Storage  872,000 
11 o  30  miles  South  Canal  581,000 
12.  70  miles  Redwater  River  fords  &  etc.         70,000 

Base  Cost  $10,407,000 

Surveys,  Engineering,  Construction 

Supervision  and-  Contingencies  @  20%  2,080  f 000 

$12,487,00 

Use     $12,500,000 

,r- —      - 

Water  Sale  for  Power  Generation 

The  plan  acknowledges  the  fact  a  500  megawatt  electrical 
generating  plant  may  be  built  in  the  Weldon  area  which  would 
use  about  600  acre  -  feet  per  month  in  the  conversion  of 
strippable  coal  to  electricity.   The  following  comparisons 
illustrate  some  of  the  variations  in  the  cost  of  water  for 


TABLE  V-G 


PER  ACRE  WATER  COSTS  WITH  SELECTED 
ASSUMPTIONS  ON  INDUSTRIAL  USE 

McCONE  COUNTY  PLAN  A 
With  Full  Repayment  of  Construction  Costs  By  the  User 


Situation   Price  for  Return  from  Return  required  from  Irri- 

Industrial  Industrial    gation  User 

Water  Per  User  Per       Per  Acre 

Acre  Foot  Total    Acre  Ft.  Irrigated 


a         —  ~   1,378,000  8.03  37.44 

b        50.00  360,000  1,018,000  5-93  27.65 

c        75.00  5^0,000    838,000  4.88  22.80 

d  100.00  720,000    658,000  3.83  17.86 

Assumptions : 

1.  full  repayment  of  construction  costs  by  the  user 

2.  annual  cost  equals  $1,378,000 

3.  annual  income  equals  $1,378,000  for  break  even  situation 

4.  2.14  acre  feet  of  water  required  per  irrigated  acre  and 
4.663  total  water  required  to  supply  the  usable  water  of 
2.14  acre  feet  per  acre. 

5.  Power  Requirement  situation  a  =  d 

6.  Power  Requirement  situations  b,  c  and  d  =  7,200  acre  feet 

7.  Irrigated  acres  equals  36,800 


TABLE  V-H 


PER  ACRE  WATER  COSTS  WITH  SELECTED 
ASSUMPTIONS  ON  INDUSTRIAL  USE 

McCONE  COUNTY  PLAN  A 
With  50  Percent  Repayment  of  Construction  Costs  By  the  User 


Situation   Price  for  Return  from  Return  required  from  Irri- 

Industrial  Industrial  gation  User 

Water  Per  User  Per       Per  Acre 

Acre  Foot  Total   Acre  Ft.  Irrigated 

a         —           —  989,000  5.77  26.91 

b        50.00  360,000  629,000  3.67  17.11 

c         75.00  540,000  449,000  2.62  12.22 

d  100.00  720,000  269,000  1.57  7.32 

Assumptions : 

1.  50  percent  of  construction  costs  by  the  user 

2.  annual  cost  equals  $989,000 

3.  annual  income  equals  $989,000  for  break  even  situation 

4.  2.14  acre  feet  of  water  required  per  irrigated  acre  and 
4.663  total  water  required  to  supply  the  usable  water  of 
2.14  acre  feet  per  acre. 

5.  Power  Requirement  situation  a  =  o 

6.  Power  Requirement  situations  b,  c  and  d  =  7,200  acre  feet 

7.  Irrigated  acres  equals  36,800 
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irrigation  with  water  income  from  power  production  and  assump- 
tion of  construction  cost  by  irrigation  interests.   The 
examples  are  based  upon  retirement  of  the  construction  cost 
at  5  1/2%  interest  in  40  years.   No  allowance  has  been  made 
for  a  reserve  or  sinking  fund  to  meet  deficiencies  in  income. 
Neither  has  a  provision  been  made  for  interest  costs  during 
construction  and  the  delays  in  achieving  full  income  potential 


(2)  MCCONE  COUNTY  PLAN  B 
CONSTRUCTION  COST  SUMMARY 

(1)  Nelson  Creek  Pumping  and  Pipe 

(2)  Feeder  Canal  to  Romine  Reservoir  (6.4  mi) 

(3)  Romine  Reservoir  (about  20,000  a. ft.) 

(4)  Canal  to  i-lcGuire  Relift  (8.7  mi) 

(5)  Weldon  -  Prairie  Elk  Canal  (5.5  mi) 

(6)  IIcGuire  Regulating  Reservoir 

(7)  McGuire  Relift  and  Pipe 

(8)  Northeast  Canals  (106  mi) 

(9)  Erosion  Control  on  Northeast  (Wolf,  Sheep, 
Nickwall) 

(10)  Reservoir  Storage,  Northeast  Area 

(11)  Reservoir  Storage  in  Gov;  and  Duck  Creeks 

(12)  Horse  Creek  Conveyance  and  Storage 

(13)  South  Canal 

(14)  Redwater  River  Conveyance 

Total  Basic  Cost 

Engineering,  Plans,  Construction 
Supervision  and  Contingencies 
@  20%  at  Basic  Cost 


$4,676,000 

135,000 

1,040,000 

206,000 

78,000 

85,000 

4,260,000 

1,756,000 

198,000 
1,000,000 
750,000 
872,000 
581,000 
70,000 

$15,707,000 


3,141,400 
$18,849,000 


Use 


$19,000,000 


TABLE  V-I 


PER  ACRE  WATER  COSTS  WITH  SELECTED 
ASSUMPTIONS  ON  INDUSTRIAL  USE 

McCONE  COUNTY  PLAN  B 
With  Full  Repayment  of  Construction  Costs  By  the  User 


Situation   Price  for  Return  from  Return  required  from  Irri- 

Industrial  Industrial   gation  User 

Water  Per  User  Per       Per  Acre 

Acre  Foot  Total   Acre  Ft.  Irrigated 

a        —          —  2,051,000  8.93  38.86 

b  50.00  360,000  1,791,000  7.79  33.90 

c  75.00  540,000  1,511,000  6.58  28.63 

d  100.00  720,000  1,331,000  5.79  25.20 

Assumptions : 

1.  full  repayment  of  construction  costs  by  the  user 

2.  annual  cost  equals  $2,051,000 

3.  annual  income  equals  $2,051,000  for  break  even  situation 

4.  2.14  acre  feet  of  water  required  per  irrigated  acre  and 
4.352  total  water  required  to  supply  the  usable  water  of 
2.14  acre  feet  per  acre. 

5.  Power  Requirement  situation  a  =  o 

6.  Power  Requirement  situations  b,  c  and  d  =  7,200  acre  feet 

7.  Irrigated  acres  equals  52,800 


TABLE  V-J 


PER  ACRE  WATER  COSTS  WITH  SELECTED 
ASSUMPTIONS  ON  INDUSTRIAL  USE 

McCONE  COUNTY  PLAN  B 
With  50  Percent  Repayment  of  Construction  Costs  By  the  User 


Situation   Price  for  Return  from  Return  required  from  Irri- 

Industrial  Industrial   gation  User 

Water  Per  User  Per       Per  Acre 

Acre  Foot  Total   Acre  Ft.  Irrigated 


a         —           ~  1,459,000  6.35  27.63 

b        50.00  360,000  1,099,000  4.78  20.80 

c        75.00  540,000  919,000  4.00  17.40 

d  100.00  720,000  739,000  3.22  14.01 

Assumptions : 

1.  50  percent  of  repayment  of  construction  costs  by  the  user 

2.  annual  cost  equals  $1,459,000 

3.  annual  income  equals  $1,459,000  for  break  even  situation 

4.  2.14  acre  feet  of  water  required  per  irrigated  acre  and 
4.352  total  water  required  to  supply  the  usable  water  of 
2.14  acre  feet  per  acre. 

5.  Power  Requirement  situation  a  =  o 

6.  Power  Requirement  situations  b,  c  and  d  =  7,200  acre  feet 

7.  Irrigated  acres  equals  52,800 


TABLE  V-K 

(3)  MCCONE  IRRIGATION  SYSTEM 
SUMMARY  AND  ANNUAL  COST  BY  PLAlvl 


ITEM  DESCRIPTION 


PLAN  A 


P.LAN  b 


Acreage  Served 

Total  Construction  Cost 

Retirement  of  Construction  Cost 
in  40  years  @  5  1/2%  Interest 

Annual  Pumping  Power  Cost  @  3  mills 

Annual  Pump 
Maintenance  Cost 

Annual  Labor  Cost 

Equipment  Prorate 
Canal  and  Stream 
Maintenance,  Office 


36,800       52,600 
$12,500,000   $19,000,000 


779,000 
417,000 

89,000 
48,000 

45,000 


1,184,000 
615,000 

126,000 
64,000 

62,000 


TOTAL 

ANNUAL 

COST 


Full  User 
Financing 


50%  User 
Financina 


$  1,378,000   $  2,051,000 


989,000     1,459,000 


COST 

PER 

ACRE* 


Full  User 
Financing 


50%  User 
Financing 


$37.44 


$26.91 


$38.90 


$27.60 


*  Assumes  no  water  sale  for  power  generation. 


